


I .  . . .  , :I . 
I .' 
.... .. 



REVISED FINAL DESIGN 
CALCULATION PACKAGE 

ON-SITE DISPOSAL FACILITY 

Volume VI1 

January 2002 
Revision 0 

United States Department of Energy 

Fernald Environmental Management Project 
Fernald, Ohio 

Prepared by 

GeoSyntec Consultants 
1100 Lake Hearn, NE, Suite 200 

Atlanta, Georgia 30342 

Under 

Fernald Environmental Restoration Management Corporation 
Subcontract 95PS005028 

000002 



REVISED FINAL DESIGN PACKAGE 
LIST OF CALCULATIONS 

On-Site Disposal Facility 
Fernald Environmental Management Project 

VOLUME I 

1. INTRODUCTION 

1.1 Design Parameter Summary 
1.2 Computer Program Validation 

1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1.2.8 
1.2.9 

Autodesk@ and SOFTDESK@ 
H y droC ADTM 

USEPA HELP Model 
XSTABL - Version 5 
SHAKE9 1 
YSLLP-c 
Landfill Air Emissions Estimation Model 
RAECOM 

USDA-SCS TR-55 

1.3 Select Technical Preferences 
1.4 Geotechnical Data Points 

2. ODSF LAYOUT 

2.1 Required Volume 
2.2 Capacity Verification 
2.3 Earthwork Required Volume 

3. GEOTECHNICAL - STATIC SLOPE STABILITY 

3.1 OSDF Foundation 
3.2 Liner System 
3.3 Impacted Material Configurations 

0 Interim 
0 Final 

3.4 Intercell Berm 
3.5 Final Cover System 
3.6 Access Corridor 
3.7 Borrow Area Cut Slopes 

GQ1342- 17. I/F9630138.TOC 



7- . 4 6 6  4 

LIST OF CALCULATIONS (continued) 

4. GEOTECHNICAL - SEISMIC SLOPE STABILITY 

4.1 Seismic Hazard Assessment 
4.2 Seismic Site Response Analysis 
4.3 Seismic Performance Evaluation 

0 Pseudo-Static Stability 
Deformation Analysis 

5. GEOTECHNICAL - SETTLEMENT 

5.1 Foundation Settlement 
5.2 Localized Impacted Material Settlement 
5.3 Overall Impacted Material Settlement 

VOLUME I1 

6. LINER SYSTEM 

6.1 Hydrostatic Uplift 
/ 6.2 Liner Geosynthetics Selection 

Geosynthetic Clay Liner 
Geomembrane Liner 
Geotextile Cushion 

0 ' Geosynthetic Selection to Preclude Tension 

6.3 Liner Frost Protection 

7. LEACHATE MANAGEMENT - LEACHATE GENERATION 

7.1 Leachate Generation Rates 

0 During Filling 
After Closure 

7.2 Required Cell Leachate Storage 

7.3 Cell 7 Impacted Runoff Catchment Area Requirements (See Volume Vn) 

000004 
GQ1342- 17. I/F9630138.TOC 



LIST OF CALCULTIONS (continued) 

8. LEACHATE MANAGEMENT - LEACHATE COLLECTION SYSTEM 

8.1 Maximum Head in LCS 

Maximum Head in LCS Drainage Layer 
Maximum Head in LCS Drainage Corridor 

8.2 Geotextile Filter Design 

0 Geotextile Filtration 
0 Geotextile Biological Clogging Potential 

8.3 LCS Pipe Design 

0 LCS Pipe Flow Capacity 
LCS Pipe Perforation Sizing 

0 LCS Pipe Structural Stability 

9. LEACHAGE MANAGEMENT - LEAK DETECTION SYSTEM 

9.1 Migration through Primary Liner 
9.2 Maximum Head in LDS 

0 

0 

Maximum Head in LDS Drainage Layer 
Maximum Head in LDS Drainage Corridor 

9.3 
9.4 LDS Pipe Design 

Time of Travel in LDS 

0 LDS Pipe Flow Capacity 
LDS Pipe Perforation Sizing 

0 LDS Pipe Structural Stability 

9.5 Action Leakage Rate 

10. LEACHATE MANAGEMENT - LEACHATE TRANSMISSION SYSTEM 

10.1 LTS Gravity Line Design 

0 

LTS Gravity Line Flow Capacity 
LTS Gravity Line Structural Stability 
LTS Gravity Line Frost Protection 

GQl342- 17.1P9630 138.TOC 
OGOQOS 



B 

LIST OF CALCULATIONS (continued) 

10.2 LTS Temporary Gravity Line Design 

LTS Temporary Gravity Line Hydraulic Pressure 
LTS Temporary Gravity Line Structural Stability 
LTS Temporary Gravity Line Frost Protection 

10.3 LDS and LCS Manhole Design 

0 

LCS and LCS Manhole Hydrostatic Uplift 
LCS and LCS Manhole Structural Design 
Structural Concrete Design for the Cover and Floatation Anchor 

10.4 LTS Permanent Lift Station Design 

LTS Permanent Lift Station Storage Volume 
LTS Permanent Lift Station Manhole Uplift 
LTS Permanent Lift Station Structural Design 

10.5 LTS Pipe Hydrograph 

VOLUME I11 

11. FINAL COVER SYSTEM 

11.1 
1 1.2 
11.3 
11.4 
11.5 
11.6 
11.7 

Final Cover System Temporary Erosion Mat Design 
Final Cover System Vegetation Design 
Final Cover System Erosion Resistance 
Final Cover System Frost Penetration Depth 
Final Cover System Granular Filter Layer Design 
Final Cover System Biointrusion Barrier Design 
Final Cover System Drainage Layer Design 

Cover System Water Balance 
Cover Drainage Layer Maximum Head 

1 1.8 Final Cover System Geosynthetics Selection 

0 Geotextile Cushion 
0 Geomembrane Cap 
0 Geosynthetic Clay Cap 

P 
GQ 1342-1 7. I/F9630138.TOC 000006 

". 



12. 

13. 

LIST OF CALCULATIONS (continued) 

SURFACE-WATER MANAGEMENT 
DURING OSDF CONSTRUCTION/FLLING/CLOSURE 

12.1 
12.2 OSDF Sediment Basins 
12.3 

12.4 

12.5 

Stormwater Runoflunoff and Drainage Control Structures 

OSDF-Phase KU Surface-Water Management System Design (See Volume 
v> 
OSDF - Phase IV Surface-Water Management System Design (See 
Volume VI) 
OSDF Phase V, Surface-Water Management System Design and Post- 
Closure Hydrology (See Volume VQ 

SURFACE-WATER MANAGEMENT AFTER OSDF CLOSURE 

13.1 Stormwater Runon/Runoff and Drainage Control Structures 

0 Northern Area Calculations 
0 Eastern Area Calculations 
0 Southern Area Calculations 
0 Western Area Calculations 
0 Addendum to Southern Area Calculations of 13.1 

VOLUME IV 

13.2 

13.3 

Drainage Control Structure Erosion Resistance 

OSDF Phase V, East 2000-Year Drainage Channel Evaluation (See 
Volume Vn) 

Sedimentation Evaluation of Permanent Drainage Channels for High- 
Frequency Design Storms (See Volume VU) 

13.4 

14. SUPPORT FACILITIES 

14.1 
14.2 
14.3 
14.4 
14.5 
14.6 
14.7 
14.8 
14.9 

Electrical Power Demand 
Potable Water Demand 
Sanitary Wastewater Discharge 
Construction Water Demand 
Decontamination Facility Water Demand 
Decontamination Facility Pavement 
Construction Administration Area Surfacing 
Construction Haul Road 
Leachate Transmission System Access Corridor 

~004)07 
CQ 1342- 17.1lF9630138.TOC 



\ 

- 4 6 6 4  
LIST OF CALCULATIONS (continued) 

15. BORROW AREA 

15.1 
15.2 
15.3 
15.4 
15.5 
15.6 
15.7 

15.8 

Borrow Area Required Volume 
Borrow Area Capacity Verification 
Borrow ,Area Water Demand 
S tormwater Runoff Routing 
Borrow Area Sediment Basin 
Surface-Water Management During Development (See Volume V) 
OSDF-Phase III BOKOW Area Development Subarea Volume Verification 
(See Volume V) 
OSDF-Phase III Borrow Area Stockpile Area Capacity Calculation (See 
Volume V) 

16. IMPACTED MATERIALS MANAGEMENT 

16. I 
16.2 
16.3 OSDF Methane Generation 
16.4 OSDF Radon 222 Release 

17. HORIZONTAL MONITORING WELL 

Impacted Material Haul Road 
Impacted Runoff from Haul Road 

17.1 
17.2 Structural Stability 

Differential Settlement and Tensile Strain 

GQ 1342- 17.1 E96301 38.TOC O Q 0 0 0 8  



‘ - 4 6 6 4  

Section 7.3 

000009 





COMPUTATION COVER SHEET 
r 41664 . 

SUBJECT OF COMPUTATIONS CELL 7 IMPACTED RUNOFF CATCHMENT AREA REQU-IREMENTS 

Computations By: 
(Cognizant Engineer) 

Assumptions 
and Procedures 
Checked By: 
(Checker) 

Computations 
Checked by: 

Computations 
Backchecked by: 

. (Cognizant Engineer) 

Approved by: 
(PDP) 

Approved by: 
(DTL I TETL) 

Date 
hinted Name Christopher D. Corrimn 
and Title Staff Engineer 

hinted Name Maidi A. Othman 
and Title Sr. Project Engineer 

Printed Name Maidi A. Othman 
and Title Sr. Project Engineer 

Printed Name 6hriistopher D. Conigan 
and Title Staff Engineer 

oi 12Cifo-2, 
Date 

Printed Name Kenneth R. Dalv 
and Title Project Engineer 

Sipnature PLL/-/&&L Date 
Printed Name Daniel G. Pass / J.F. Beech 
and Title Project Engineer / Principal 

2753~ 2u j lu 

Record of Revision (Number and initial all revisions) 

I 1 I I I I 

000011 

F0230003.doc 
-- 

1/23/2002 



; 4 6 6 4 ,  
GEOSYNTEC CONSULTANTS 
Written by: -z a n n  LLlG Date:JfUEMLReviewed by: &%u-- Date: 2y h G ,  

Client: hm2Tcm- Project:OSnFPhnsr V Project No.:JX&342 Task No.:JU 

B ADDENDUM TO SECTION 7.2 

(ADDED TO REVISION 1 PACKAGE) 

The calculation package presented in Section 7.2 was prepared to establish minimum cell 
storage requirements for containment of impacted runoff during the filling of cells. The analyses 
shown are for the case where the maximum containment volume of an impacted runoff 
catchment area (IRCA) is limited by the minimum elevation of a rain flap installed along the 
intercell berm at the south edge of the IRCA. This case applies to the northernmost and interior 
on-site disposal facility (OSDF) cells (i.e., Cells 1 to 6).  The Southernmost OSDF cell (i.e., Cell 
7) differs from the other cells in that the maximum containment volume of the IRCA is limited 
by the minimum elevation of a rain flap installed along the Cell 7 perimeter. 

This addendum to Section 7.2 was prepared to establish minimum IRCA storage 
requirements for Cell 7, and additionally, to estimate the decreasing Cell 7 IRCA storage 
requirements as Cell 6 and 7 are progressively capped. Similar methods and input data to that 
used in Section 7.2 were used herein. This addendum is presented as Section 7.3 of the OSDF 
Final Design Calculation Package, and is entitled “Cell 7 Impacted Runoff Catchment Area 
Requirements.” Section 7.3 is presented in Volume VII of the OSDF Final Design Calculation 
Package . 
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B CELL 7 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSES 

The purpose of this calculation package is to demonstrate the adequacy of the Cell 7 
impacted runoff catchment area (IRCA) design in providing the necessary impacted runoff 
storage capacity during staged closure of the final cells (i.e. Cells 6 and 7) for the on-site disposal 
facility (OSDF). Furthermore, the package provides requirements for sizing the IRCA during 
final closure construction activities through use of a design chart to interpolate for cases where 
the capped cell area is between that of the stages of closure evaluated in this package. 
Additionally, the flow capacity of channels discharging to the R C A  and the expected time for 
drawdown ofsimpacted runoff within the R C A  are calculated to demonstrate that the design 
meets the required design criteria. 

METHODS OF ANALYSES 

The cases modeled in this package represent conditions expected to exist during the staged 
closure of the final two cells (Le. Cells 6 and 7). Analyses are separated into three groups: 

D i.) evaluation of IRCA storage capacity, 

ii.) evaluation of IRCA inlet channel capacity, and 

iii.) evaluation of impacted runoff drawdown time. 

It is important to note that non-impacted runoff is being defined as runoff from cap areas 
over which two lifts of compacted clay cap have been placed as a part of the final cover system. 
Non-impacted runoff will be diverted to the OSDF surface water management system and thus 
will not enter the IRCA. The term “capped’ will be used to describe areas of the landfill that 
have received at least two lifts of compacted clay cap and where runoff has been diverted to the 
OSDF surface water management system, and “uncapped” will refer to areas of the landfill that 
discharge runoff to the IRCA. 

IRCA Storage Capacity 

Three stages of IRCA filling are considered for evaluation. These stages and the runoff 
areas associated with these stages are shown in Figures 1 through 3. Figure 1 shows the IRCA 
geometry designed to contain the runoff for Stage I, when both Cells 6 and 7 are uncapped. This 
geometry provides a smaller lRCA plan area than those of Cells 1 through 6 as presented in an 
earlier calculation package (Section 7.2, Required Cell Leachate Storage); however, it will be 
shown to provide adequate volume. The geometry of Stage I was chosen to provide a remaining - 

I 
rBIpp 
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impacted material placement capacity of approximately 40,000 cubic yards. Calculations 
showing the total impacted material, select impacted material and non-select impacted material 
remaining to be placed for Stages I and II are presented in Attachment A-4. Figure 2 shows an 
IRCA geometry designed to contain the runoff for Stage II, which exists when Cell 6 is capped 
and Cell 7 remains uncapped. Figure 3 shows the case when Cell 6 is completely capped and the 
majority of Cell 7 is capped (i.e., Stage m). The IRCA in this case will consist of a “V-shaped” 
channel along the west and south perimeter of the uncapped portion of Cell 7. Figure 4 shows a 
cross-section of the V-shaped channel. The uncapped area for this stage consists of@ uncapped 
area &%e previous stage (i.e., the IRCA and 3.5: 1 slopes from Stage 11) plus a 67 ft wide strip at 
the perimeters of this area where a temporary construction access road will be constructed. 

The IRCA is considered adequate if it complies with the design criteria used to evaluate the 
IRCAs for Cells 1 through 6 in Section 7.2, which requires the IRCA to provide storage capacity 
to handle the 25-year, 24-hour storm event with 0.5 ft of freeboard. Hydrologic and basin routing 
analyses are performed using methodologies presented in <TR-20 [USDA-SCS, 19821 and TR-55 
[USDA-SCS, 19861, as coded into the computer program HydroCADm. 

This calculation will provide requirements for sizing the IRCA during final closure 
construction activities through use of a design chart to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

‘ 

Channel Capacity 

The required depths for channels discharging to the IRCA are evaluated for the “worst-case” 
B 

scenario (i.;., Stage I). Stage I represents the worst-case scenario in regards to the channel depth 
because it has the largest uncovered area, resulting in the largest impacted runoff peak flow rate 
being routed through the channels. The channels are designed to convey peak flow rates from the 
25-year, 24-hour storm event with minimum freeboard of 0.5 ft as established in the DCP 
[GeoSyntec, 20001. Hydraulic analyses for channels are performed using Manning’s equation as 
coded into a computer spreadsheet. Peak flow rates for the channels were taken from the 
HydroCADTM output performed for the IRCA capacity calculations. 

Additionally, the adequacy of a culvert will be evaluated using the computer program 
CulvertMasterG3. The culvert is designed to convey the runoff being conveyed by Channel C 
beneath a temporary access road at the inlet to the IRCA. The culvert capacity calculation is 
presented in Attachment A-5. 

Drawdown Time 

The amount of time expected for impacted runoff to drain ,from the IRCA after the 
completion of the 25-year, 24-hour storm event into the Cell 7 LCS is referred to; herein, as the 
drawdown time. An estimation of the drawdown time is made for the three stages described 
earlier in this calculation package. The estimation for Stage I is controlled by the fact that the 
flow rate will be limited by the capacity of the enhanced permanent leachate transmission system - 

II -- 
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D (EPLTS) permanent lift station pumps. A simplified calculation was performed for this stage 
where the volume of the IRCA is discharged at the maximum allowable flow rate of the EPLTS 
permanent lift station pumps (Le., 200 gpm). The estimation of the drawdown time and flow rate 
for Stage 11 and Stage m are calculated using Darcy’s Law. The flow rates for these stages do 
not exceed that of the EPLTS permanent lift station pumps; therefore, the drawdown time is 
independent of the permanent lift station pump capacity. 

RESULTS ui 

Phase V IRCAs and channels are designed for the 25-year, 24-hour storm event. The results are 
as follows: 

IRCA Storage Capacity 

The calculated peak water elevation for the 25-year7 24-hour storm event allows more 
than 0.5 ft of freeboard from the minimum embankment crest elevation for the three 
cases analyzed. 

The results of the HydroCADm analysis of the IRCA storage capacity for the three 
stages analyzed are summarized in Table 8. The results show that the required IRCA 
storage capacity for each of the three stages analyzed for the staged closure are: 

J 
i 

Stage I = 195,400 ft3 

Stage II = I Z ~ , O O O  ft3 

Stage III = 5 1,200 ft3 

Channel Capacity 

Calculated freeboards corresponding to the peak flow rate for the inlet channels are 3.3 ft 
for Channel C and 3.4 ft for Channel E; therefore, the calculated freeboards exceed the 
minimum required freeboard of 0.5 ft. The locations for channels C and E are shown on 
Figure 1. J 
Calculated peak flow velocities for the unlined channels are 7.01 ft/s for Channel C and 
5.47 ft/s for Channel E. Appropriate erosion control practices should be used by the / contractor to minimize the potential for erosion. L 

0 The 36 in. diameter CMP culvert designed to convey the runoff from Channel C beneath 
the temporary access road and into the IRCA has a computed headwater elevation of 
601.1 f t  for Stage I and 600.7 ft for Stage II. Both values are,less than the allowable 
headwater elevation of 603.0 ft; therefore, the culvert has adequate capacity to conve ,.. J the runoff for both Stage I and Stage a. ‘ 7 ~ 1 5  C a L J k * 4 7  W ; L L  . t c T  Gz r”c..~ 
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D Drawdown Time 

e Considering only the flow into the LCS drainage corridor, Stage I would experience a 
rapid drawdown of the impacted runoff (Le., less than one day) given the high gradient of 
the flow; however, the actual drawdown time for the R C A  in this case will be limited by 
the capacity of the EPLTS. The EPLTS permanent lift station pumps provide a 
maximum,flow rate of 200 gpm, which results in a drawdown time of approximately 5 L/ ALLC.*IA&LB days for Stage I. 

f ,I 3&z 

0 The estimated drawdown time for Stage II was calculated to be 7.7 days with a / 
maximum flow rate of 149.4 gpm. 

e The estimated drawdown time for Stage III was calculated to be 5.2 days with a 
maximum flow rate of 79.8 g-pm. 

/ 

CONCLUSIONS 

The purpose of this calculation package was to demonstrate the adequacy of the design in 
providing the necessary impacted runoff storage capacity during staged closure of the final cells 
(Le. Cells 6 and 7) in the OSDF. Additionally, IRCA inlet channel capacity and IRCA 
drawdown time were calculated to show that the design meets the required design criteria. The 
following conclusions are made based on the calculations performed in this package: 

The IRCAs for the three stages evaluated provide adequate storage volume to 
contain the runoff for the Z-year, 24-hour storm event. 

A design chart has been prepared (Figure 5 )  to provide requirements for sizing 
the IRCA based on the uncapped area of the OSDF remaining at any time 
during the staged closure. 

B 

The temporary channels carrying the runoff into df21&C1?rC’I the IRCA Vc grovjde E :  ?6Mz adequate 
capacity; however, due to high flow appropriate erosion control 
practices should be implemented by the contractor. 

e The 36 in. diameter CMP culvert designed to convey the runoff from Channel 
C beneath the temporary access road and into the IRCA has adequate capacity 
for flow for Stage 1 and Stage ,741.G C o t  ~ 2 ~ 7  d l 1  L d G ‘ 7  QCz USL’D 6.C Ssi?cF 

oc./ m i / d u 2  

0 Calculation results show that the design meets the applicable design criteria; 
therefore, the design is considered acceptable. 
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CALCULATION PROCEDURES 

INTRODUCTION AND PURPOSE 

The purpose of this calculation package is to demonstrate the adequacy of the Cell 7 
impacted runoff catchment area (JRCA) design in providing the necessary impacted runoff 
storage capacity during staged closure of the final cells (i.e. Cells 6 and 7) for the on-site disposal 
facility (OSDF). Furthermore, the package provides requirements for sizing the IRCA during the 
final closure construction through use of a design chart to interpolate for cases where the capped 
cell area is between that of the stages of closure evaluated in this package. Additionally, the flow 
capacity of channels discharging to the RCA and the expected time for drawdown of impacted 
runoff within the IRCA are calculated to demonstrate that the design meets the required design 
criteria. 

DESIGN SCENARIOS 

The cases modeled in this package represent conditions expected to exist during the staged 
closure of the final two cells (i.e. Cells 6 and 7). Analyses are separated into three groups: 

b i.) evaluation of IRCA storage capacity, 

ii.) evaluation of IRCA inlet channel capacity, and 

iii.) evaluation of impacted runoff drawdown time. 

It is important to note that the criteria defining non-impacted runoff has been established as 
runoff from cap areas over which two lifts of compacted clay cap have been placed as a part of 
the final cover system. Non-impacted runoff will be diverted to the OSDF surface water 
management system and thus will not enter the IRCA. The term “capped” will be used to 
describe areas of the landfill that have received at least two lifts of compacted clay cap and where 
runoff has been diverted to the OSDF surface water management system, and “uncapped” will 
refer to areas of the landfill that discharge runoff to the RCA. 

Three stages of IRCA filling are defined for evaluation. These stages and the runoff areas 
associated with these stages are shown in Figures 1 through 3. Figure 1 shows the RCA 
geometry designed to contain the runoff for Stage I, when both Cells 6 and 7 are uncapped. This 
geometry provides a smaller IRCA plan area than those of Cells 1 through 6 as presented in an 
earlier calculation package (Section 7.2, Required Cell Leachate Storage); however, it will be 
shown to provide adequate volume. The geometry of Stage I was chosen to provide a remaining 
impacted material placement capacity of approximately 40,000 cy in Cell 7. Calculations 
showing the total impacted material, select impacted material and non-select impacted material - 
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remaining to be placed for Stages I and II are presented in Attachment A-4. Figure 2 shows an 
IRCA geometry designed to contain the runoff for Stage 11, which exists when Cell 6 is capped 
and Cell 7 remains uncapped. Figure 3 shows the case when Cell 6 is completely capped and the 
majority of Cell 7 is capped (i.e., Stage m). The IRCA in this case will consist of a “V-shaped” 
channel along the west and south perimeter of the uncapped portion of Cell 7. Figure 4 shows a 
cross-section of the V-shaped channel. The uncapped area for this stage consists of *uncapped 
area&%e previous stage (Le., the IRCA and 3.51 slopes from Stage If) plus a 67 fi wide strip at 
the perimeters of this area where a temporary construction access road will be constructed. 

IRCA Storage Capacity 

The required IRCA storage capacity will be calculated for the three stages as discussed 
above. A comparison will be made to the actual IRCA storage capacity to show that adequate 
storage is provided for the IRCA geometries shown in Figures 1 through 3. 

Channel Capacity 

Channel capacity calculations will be performed for the most critical channels (i.e., Channel 
C and Channel E) identified in Figure 1.  These channels are the most downstream channels for 
the two groups of catchment areas contributing runoff to the IRCA; therefore, these channels will 
receive more flow than the upstream channels. The calculations will be performed for the 
geometry in Stage I, as this represents the stage with the largest uncapped area and consequently 
the greatest volume of runoff. 

Additionally, the capacity of a culvert will be calculated using the computer program 
CulvertMasterGD. The culvert is designed to convey the runoff being carried by Channel C 
beneath a temporai-y access road at the inlet to the IRCA. The culvert capacity calculation can be 
found in Attachment A-5. 

Drawdown Time 

The amount of time expected for impacted runoff to drain from the IRCA after the 
completion of the 25-year, 24-hour storm event into the Cell 7 LCS is referred to herein as the 
drawdown time. An estimation of the drawdown time is made for Stage I, Stage II and Stage IJI. 
three stages represented in this calculation package. The estimation for Stage I is controlled by 
the fact that the flow rate will be limited by the allowable capacity of the enhanced permanent 
leachate transmission system (EPLTS) permanent lift station pumps. A simplified calculation 
was performed for this stage where the volume of the IRCA is discharged at the maximum 
flowrate of the EPLTS permanent lift station pumps (Le., 200 gpm). The estimation of the 
drawdown time and flow rate for Stage II and Stage III are calculated using Darcy’s Law. The 
flow rates for these stages do not exceed that of the EPLTS permanent lift station pumps; 
therefore, the drawdown time is independent of the permanent lift station pump capacity. 
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IRCA Storage Capacity 

Required IRCA storage capacity calculations are performed using methodologies presented 
in TR-20 [USDA-SCS, 19821 and TR-55 [USDA-SCS, 19861, as coded into the computer 
program HydroCADm [HydroCADTM, 19931. HydroCADTM breaks the units influencing the 
runoff into three types: (i) Subcatchments, (ii) Reaches, and (iii) Ponds. Different input 
parameters are required for each. 

Certain input parameters are required for the overall analysis; these parameters include: (i) 
design storm event, and (ii) rainfall distribution. 

The main input parameters needed for the Subcatchment subroutines include: (i) 
subcatchment runoff curve numbers, (ii) subcatchment areas, (iii) flow length and geometry, (iv) 
2-year, 24-hour storm event, and (iv) Manning’s coefficient. 

The main input parameters required for the Reach subroutines include: (i) channel geometry, 
and (viii) Manning’s coefficient. 

The main input parameters for the Pond subroutines include: (i) pond areas at various 
elevations, and (ii) properties of the outflow structures. 

The values for these parameters used herein are presented in the Data Verification Section of 
this calculation package. Further discussion of the significance of these input parameters can be 
found in Section 12.4 of the Revised Final Design Calculation Package On-Site Disposal Facility 
entitled “OSDF-Phase IV-Surface Water Management Design”. 

B 
’ 

Once the required storage capacity has been calculated for the three stages shown in the 
closure drawing, requirements will be provided for sizing the R C A  during the final closure 
construction through use of a design chart (Figure 5) to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

Channel Capacity 

The adequacy for the hydraulic capacity of the inlet channels is evaluated in terms of an 
available freeboard for peak flow rates. The available freeboard is calculated as the difference 
between the available flow depth in the channel and the calculated peak flow depth. The peak 
flow depth is calculated based on Manning’s equation as coded into a computer spreadsheet. 
Manning’s equation is as follows: 
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- 4 6 6 4  Where: Qmax = peak flow rate (cfs) 
n = Manning’s roughness coefficient (dimensionless) 
A = cross-sectional area of flow (ft’> 
R = hydraulic radius (ft) defined a s  R = A/P where P is wetted perimeter (ft) 
So = longitudinal slope (risehn) 

I 

Both A and P are functions of the peak flow depth; therefore, the equation can be used to 
solve for the peak flow depth. 

The values for these parameters used herein are presented in the Data Verification Section of 
this calculation package. Peak flow rates for the Channel C and Channel E were used as inputs 
and were taken from the HydroCADTM output performed for the IRCA storage capacity 
calculations. The minimum available flow depth is obtained directly from the Construction 
Drawings at the point that the channels flow into the IRCA. 

As mentioned earlier, the capacity of the culvert at the inlet of Channel C will be calculated 
using the computer program CulvertMaster@. The detailed culvert capacity calculation and 
procedures can be found in Attachment A-5. 

Drawdown Time 

As mentioned earlier, the drawdown time is the amount of time expected for impacted runoff 
associated with a 25-year, 24-hour storm event to drain from the IRCA into the Cell 7 LCS. The 
drawdown time for the three stages will be calculated using Darcy’s Law as Shown below: 

1 
AV 
kiA 

At =- 

Where: At = incremental drawdown time (seconds) 
d V =  incremental volume change (f?) 
k = permeability of the LCS drainage layer (ft/day) 
i = hydraulic gradient (ft/ft) 
A = area perpendicular to flow (ft2) 

A spreadsheet was used to perform the computations incrementally between various storage 
elevations of the IRCA. The volume between these incremental storage elevations will be 
established using HydroCADTM output for the IRCAs in Stage II and IJI. A.more detailed 
discussion of the calculation is presented in Attachment A-3. 
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The estimation for Stage I is controlled by the fact that the flow rate will be limited by the 

allowable capacity of the enhanced permanent leachate transmission system (EPLTS) permanent 
lift station pumps. A simplified calculation was performed for this stage where the volume of the 
IRCA is discharged at the maximum 
200 gpm). The equation below 

of the EPLTS permanent lift station pumps (i.e., 
used to calculate the drawdown time for Stage 

V 
Q 

t = -  

I: 

Where: t = drawdown time (days) 
V = required R C A  storage capacity for a given stage (f?) 
Q = flow rate (gpm) 

DESIGN CRITERIA 

The calculations included in this package have been performed for the 25-year, 24-hour 
storm event as required by the Design Criteria Package (DCP) [GeoSyntec, 20001. For the 
Fernald Environmental Management Project (FEMP) property, this event has a rainfall intensity 
of 4.7 in. [Parsons, 19951. 

IRCA Storage Capacity 

The storage capacity will be calculated for the RCA for each of the three stages shown for 
the closure sequencing and shall provide at least 0.5 ft of freeboard from the minimum 
embankment crest elevation. 

Channel Capacity 

The calculated freeboard of the channels must equal or exceed the minimum required 
freeboard ofO.5 ft as stated in the DCP [GeoSyntec, 20001. The velocity of the flow within each 
channel will be calculated based on the assumption that the channels will be unlined. This 
velocity will be checked against a maximum suggested flow rate of 2.0 ft/sec for unlined 
channels as established in Section 7.2. If the computed flow velocity is larger than this criterion, 
appropriate erosion control practices will be required in the field. 

The culvert must contain adequate capacity to convey flow such that the computed 
headwater elevation is less than the allowable headwater elevation. The allowable headwater 
elevation shall contain a minimum freeboard of 0.5 ft as required for the channels. 

Drawdown Time 

The drawdown time will be calculated and the results will be reported. 
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CELL 7 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS -- 4 6 6 4  
B 

DATA VERIFICATION 

INTRODUCTION 

This section presents the selection of parameters used to perform analyses in the Calculation 
Results section of this calculation package. Many of these parameters have been established in 
earlier calculation packages; however, some are unique to this package and will be discussed in 
detail herein. The input parameters will be discussed in terms of the three main types of 
calculations being performed as part of this package. 

INPUT PARAMETERS 

IRCA Storage Capacity 

As discussed in the Calculation Procedures section, the computer pro r a m  HydroCADTM 
was used to compute the required IRCA storage capacity. breaks the units 
influencing the runoff into three types: (i) Subcatchments, (ii) Reaches, and (iii) Ponds. Different 
input parameters are required for each. 

HydroCAD 

Some of the input parameters are required for the overall analysis; these parameters include: 
(i) design storm event and (ii) rainfall distribution. The design storm event in this analysis is the 
25-year, 24-hour storm event, which has a rainfall intensity of 4.7 in. [Parsons, 19951. The 
rainfall distribution for the Fernald Environmental Management Project (FEMP) property is Type 
II, and was established based on a chart that shows the rainfall distribution for different regions 
of the United States. The calculation package in Section 7.2 shows this chart. 

B 
’ 

The main input parameters needed for the Subcatchment subroutines include: (i) 
subcatchment runoff curve numbers, (ii) subcatchment areas, (iii) flow lengths and slopes, (iv) 
magnitude of precipitation from the 2-year1 24-hour storm event, and (iv) Manning’s coefficient. 
The runoff curve number for the entire OSDF was set as CN = 91 as established in Section 7.2 / 
for a newly graded area of the soil type found at the OSDF. The subcatchment areas, flow 

year, 24-hour storm event has a rainfall magnitude of 2.55 in. [Parsons, 19951. Manning’s 
lengths, and slopes of the flow paths were established from the construction drawings. The 2- 

coefficient of roughness was set at 0.011 for all of the subcatchment areas as established in 
Section 7.2 for a smooth rolled surface. Tables 1 through 3 show the remaining inputs used by 
HydroCADTM for the Subcatchment calculations for Stages I, II and JII. 

, a/ 

The main input parameters required for the Reach subroutines include: (i) channel geometry 
and (ii) Manning’s coefficient. The channel geometry (i.e., channel side slopes, longitudinal 
slope, channel length and inlet and outlet elevations) was established from the construction -- -- 
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drawings. Manning’s coefficient was set as 0.018 as established in Section 7.2 for a straight 
unlined channel. Tables 4 and 5 show the geometric in uts used in HydroCADTM for the Reach 
calculations for Stage I and Stage II. The HydroCAD analysis performed for Stage III is fairly 
simplistic and does not require the use of Reaches. 

*J 

The main input parameters for the Pond subroutines include: (i) pond areas for given 
elevations and (ii) properties of the outflow structures. The pond areas were measured for 
various elevations using AutoCAD. Table 6 shows the areas measured and the corresponding 
elevations for the IRCA in each of the three stages of the staged closure. No outflow structures 
were modeled in this analysis, which provides a conservative estimate of the storage capacity, 
since no outflow was allowed. 

Additional discussion of the selection of the parameters can be found in the notes below 
Tables 1 through 6.  The results of the analyses will be presented in the Calculation Results 
section of this package. 

Channel Capacity 

As discussed in the Calculation Procedures section of this package, the peak depth of flow 
required to carry the 
compared to the 

Manning’s equation and was 

The minimum available flow depth was obtained directly from the construction drawings at 
the point that the channels flow into the IRCA. The minimum available flow depths used in the 
analyses are 5 ft for both Channel C and Channel E. 

The parameters needed to compute the channel capacity using Manning’s equation are as 
follows: (i) the peak flow rate, (cfs); (ii) Manning’s coefficient, n (dimensionless); (iii) the 
cross-sectional area of flow, A (ft ); the hydraulic radius, R (ft); and the longitudinal slope of the 
channel, So (risehn). 

The peak flow rates for the Channel C and Channel E were obtained from the HydroCADTM 
output performed for the IRCA storage capacity calculation for Stage I. The peak flow rates used 
in the analyses are 46.3 cfs for Channel C and 3 1.9 cfs for Channel E. i/ 

J The value used for the Manning’s coefficient is 0.018. This is the same value that was used 
for the channels in the HydroCADTM analysis discussed above. 

The parameters A ,  R, and So are functions of the geometry of the channel and are established 
directly from the construction drawings. The values of the geometrical input parameters used for 
this calculation are shown in Table 7. The results of the analyses are presented in the 
Calculation Results section of this package. 

The input parameters needed for the culvert calculation will be presented in Attachment A-5 
along with the detailed calculation. 
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Drawdown Time - 4 6 6 4  
As discussed in the Calculation Procedures section of this package, the drawdown time for 

Stage III was computed using Darcy's Law for incremental R C A  elevations. The parameters 
needed for this analysis include: (i) incremental volume change, dV (ft); the permeability of the 
LCS drainage layer, k (ft/s); the hydraulic gradient, i (ft/ft); and the area perpendicular to flow, A 
(ft). The input values used for the drawdown analysis are shown below: 

Where: d V  = varies (corresponds to the storage elevation the R C A  according to 
HydroCADTM output) 
k = 0.0033 ft/s (minimum permeability of the LCS drainage layer as required by 
the specifications) 
i = varies (related to the storage elevation of the IRCA) 
A = 84 ft2 for Stage I; varies for Stage JII (the area will change depending on the 
storage elevation of the IRCA) 

,/ 

The values for incremental volume change, hydraulic gradient and area (for Stage IfI only) 
will vary depending on the storage elevation of the IRCA and can be found in the spreadsheet 
output in Attachment A-3. 

The simplified calculation performed to provide an estimate of the drawdown time 
controlled by the allowable capacity of the EPLTS permanent lift station pumps for Stage I will 
require the following input parameters: (i) volume of required IRCA storage capacity, V (ft3); 
and (ii) the flow rate of the leachate, Q (gpm). The volume of required IRCA storage capacity 
was computed as a part of the IRCA storage capacity calculations in this calculation package. 
The volume of required JRCA'storage capacity is approximately 195,400 ft3 for Stage 1. The 
flow rate of the leachate is that of the EPLTS permanent lift station pumps, which has been 
established as 200 gpm. 
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CALCULATIONS 

INTRODUCTION 

This section presents calculations and results based on procedures and data presented in the 
Calculation Procedures and Data Verification sections of this calculation package. The 
calculations and results will be discussed for the three types of analyses performed as part of this 
package. 

CALCULATIONS AND RESULTS 

IRCA Storage Capacity 

The IRCA is considered adequate if it complies with the design criteria used to evaluate the 
IRCAs for Cells 1 through 6 in Section 7.2, which requires the IRCA to provide storage capacity 
to handle the 25-year, 24-hour storm event with 0.5 ft of freeboard. Hydrologic and basin routing 
analyses are performed using methodologies presented in TR-20 [USDA-SCS, 19821 and TR-55 
[USDA-SCS, 19861, as .coded into the computer program HydroCADm. The output from 
HydroCADTM for the three stages of the staged closure can be found in Attachment A- 1. 

This calculation provides requirements for sizing the IRCA during the final closure 
construction through use of a design chart (Figure 5) to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

The results of the IRCA Storage Capacity calculations are as follows: 

The calculated peak water elevation for the 25-year, 24-hour storm event allows more 
than 0.5 ft of freeboard from the minimum embankment crest elevation for the three 
cases analyzed. 

The results HydroCADTM analysis of the JRCA’storage capacity for the three stages 
analyzed are summarized in Table 8. The results show that the required IRCA storage 
capacity for each of the three stages analyzed for the staged closure are as follows: 

Stage I = 195,400 ft3 

Stage II = 113,000 ft3 

Stage ID = 5 1,200 ft3 

Additionally, estimates of the volume of impacted material were made for Stage I and Stage 
II. Calculations showing the total impacted material, select impacted material and non-select - - -- 
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impacted material remaining to be placed for Stages I and II are presented in Attachment A-4. 
The results of these estimates are included in Table 8. 

Channel Capacity 

The channels are designed to safely convey peak flow rates from the 25-year, 24-hour storm 
event. Hydraulic analyses for channels are performed using Manning’s equation as coded into a 
computer spreadsheet. Attachment A-2 shows the detailed calculations for the channels. Th / 
results for the channel capacity are as follows: 

Calculated freeboards for channels are 3.3 ft  for Channel C and 3.4 ft  for Channel E; 
therefore, the calculated freeboards exceed the minimum required freeboard of 0.5 ft. 

Calculated peak flow velocities for the unlined channels are 7.01 ft/s for Channel C and 
5.47 ft/s for Channel E. Appropriate erosion control practices should be used by th 
contractor. 

The 36 in. diameter CMP culvert designed to convey the runoff from Channel C beneath the 
temporary access road and into the IRCA has a computed headwater elevation of 601.1 ft for 
Stage I and 600.7 ft for Stage II. Both values are less than the allowable headwater elevation of 
603.0 ft; therefore, the culvert has adequate capacity to convey the runoff for both Stage I and 
Stage II. 

Drawdown Time 

The amount of time expected for impacted runoff to drain from the RCA after the 
completion of the 25-year, 24-hour storm event into the Cell 7 LCS is referred to herein as the 
drawdown time. An estimgtion of the drawdown time is made for the three stages represented in 
this calculation package. 

The detailed calculation of the drawdown of Stages II and III and the simplified calculation of the 
drawdown for Stage I are included in Attachment A-3. The results of the drawdown calculation 
are as follows: 

Considering only the flow into the LCS drainage corridor, Stage I would experience a 
rapid drawdown of the impacted runoff (i.e., less than one day) given the high gradient of 
the flow; however, the actual drawdown time for the R C A  in this case will be limited by 
the capacity of the EPLTS. The EPLTS permanent lift station pumps provide a 

which results in a drawdown time of approximately 5 

The estimated drawdown time for Stage II was calculated to be 7.7 days 
maximum flow rate of 149.4 gpm. 
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The estimated drawdown time for Stage III was calculated to be 
maximum flow rate of 79.8 gpm. 

CONCLUSIONS 

The purpose of this calculation package is to demonstrate the adequacy of the design in 
providing the necessary impacted runoff storage capacity during staged closure of the final cells 
(i.e. Cells 6 and 7) in the OSDF. Additionally, RCA inlet channel capacity and IRCA 
drawdown time are calculated to show that the design meets the required design criteria. The 
following conclusions are made based on the calculations perfonned in this package: 

The IRCAs for the three stages provide adequate storage volume to contain 
the runoff for the 25-year, 24-hour storm event. 

A design chart has been created (Figure 5) to offer guidance in sizing the 
IRCA based on the uncapped area of the OSDF remaining at any time during 
the staged closure. 

The temporary channels carrying the runoff into the IRCA provide adequate 
capacity; however, due to high flow caks, appropriate erosion control 
practices should be used by the contractor. LumdI,r,u oop o,,,3dlcL 

The 36 in. diameter CMP culvert designed to convey the runoff from Channel 
C beneath the temporary access road and into the IRCA has adequate capacity 
for flow for Stage 1 and Stage a. *fl i(s L f l ~ c ~ n  P ~ ~ I - L C  467 4C usrd fi4 STffdz- / I t .  

f Cr I J 4 U L  

Calculation results show that the design meets the applicable design criteria; 
therefore, the design is considered acceptable. 
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Table 1 - input parameters describing the geometry used in the HydroCAD Subcatchment calculations for Stage I 

~ ~~~~ -~ 

Shallow Concentrated 
Flow 1 Sheet Flow 2(') 

Flow Flow 
Length Slope Length Slope 

(ft) (fvn) (ft) (fvft) 

11 0.1 47 0.1 

11 0.1 47 0.1 

2 0.1 59 0.1 

11 0.1 47 0.1 

11 0.1 47 0.1 

12 0.1 17 0.1 
. .  

Subcatchment 

Label 

A 

B 

C 

D 

E 

F 

Pond 

~- - 
Channel Flow Shallow Concenlrated 

Flow 2 

Flow Flow Long. Flow Left Right 
Length Slope Length Slope Depth Slope Slope 

(fi) (fun) (ft) (fun) (ft) (H:W (H:W 

163 0.167 400 0.0075 1.5 1.5:l 3:l 

163 0.167 498 0.006 1.5 1.5:1 3:l 

191 0.167 420 0.01 1.5 151 3:1 

205 0.167 400 0.0075 1.5 3: 1 1 3 1  

205 0.167 154 0.0065 1.5 3 1  1.5:l 

143 0.25 

- 
Area 
(11') - - 
3.07 

2.59 

2.21 

3.47 

1.33 

0.98 

1.44 - 

I Sheet Flow I") 

0.05 

0.05 

0.05 

Notes: (1) Sheet Flow Is restricted to a conservative value of 100h. 
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Subcatchment Area 

Label (Rt) 

B 2.59 

C 2.21 

E 1.33 

F 0.98 

Pond 1.44 
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Channel Flow Shallow Concentrated Shallow Concentrated 
Flow 1 Flow 2 Sheet Flow 1"' Sheet Flow 2"' 

Flow Flow Flow Flow Flow Long. Flow Left Righl 
Length Slope Length Slope Length Slope Length Slope Length Slope Depth Slope Slope 

(ft) (ft/ft) (11) (ftMt) (n) (W (ft) (W (n) (ftnt) (n) \ (H:v) (H:V) 

89 0.05 11 0.1 47 0.1 163 0.167 498 0.006 1.5 1.51 3:l 

98 0.05 2 0.1 59 0.1 191 0.167 420 0.01 1.5 1.5:l 31 

89 0.05 1 1  0.1 47 0.1 205 0.167 154 0.0065 1.5 3:l 1.5:l 

08 0.05 12 0.1 17 0.1 143 0.25 

J 

Table 2 - Input parameters describing the geometry used in the HydroCAD Subcatchment calculations for Stage II 

0 
0 
0 
0 
c3 
CJ 
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Table 3 - Input parameters describing the geometry used in the HydroCAD Subcatchment calculations for Stage 111 

Subcatchment Area 

Label (It') 

3.246 

Pond 0.636 

F 

Shallow Concentrated Shallow Concentrated Channel Flow 
Flow 1 Flow 2 Sheet Flow 1"' Sheet Flow 2") . 

Flow Flow Flow Long. Flow Left Rlght 
Length Slope Length Slope Length Slope Length Slope Length Slope DepUl Slope Slope 

(ft/ft) (fi) Wfi) (R) wfi) (ft) (ftlft) (fi) iw (fi) (H:V) (H:V) 

Flow Flow 

(ft) 

89 0.05 11 0.1 47 0.1 202 0.167 

Notes: (1) Sheel Flow is restricted to a conservative value of 100R. 

0 
0 e 
0 
CJ 
Q 
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Channel 
Label 

0 

C 

E 

Table 4 - Input parameters describing the geometry 
used in HydroCAD Reach calculations for Stage I 

Row Longitudinal Bottom Flow Inlet Outlet Left Right 
Length Slope Width Depth Elevation Elevation Side Slope Side Slope 

( f i )  (W (Q (fi) (ft) ( f i )  (H:V (HV) 

498 0.0065 0 6 604.2 601.2 1.5: 1 3: 1 

420 0.01 0 6 601.2 596.9 1.5:l 3: 1 

154 0.006 0 6 597.2 596.2 3: 1 1.5:l 

Channel 
Label 

C 

~~ 

Notes: (1) Dummy nodes were used to collect the flow at each entry point into the IRCA. Dummy 
nodes do not have any properties; therefore, they are not included in the table above. 

(2) Channels A and 0 were included as a part of their respective subcatchment and were 
not modelled as reaches. 

~ 

f low Longitudinal Bottom Flow Inlet Outlet Left Right 
Length Slope Width Depth Elevation Elevation Side Slope Side Slope 

(Wft) (W (ft) (R) (ft) (H:V) (H:V) 

420 0.01 0 6 601.2 596.9 1 . 5 1  3: 1 

Notes: (1) Dummy nodes were used to collect the flow at each entry point into the IRCA. Dummy 
nodes do not have any properties; therefore, they are not included in the table above. 

(2) Channels E and B were included as a part of their respective subcalchment and were 

not modelled as reaches. 
(3) Channels A and D do not contribute to the impacted runoff for Stage II and were not , 

included in the calculalion. 
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Longitudinal 
Channel Slope 

Label (ft) 

C 0.01 

E 0.0067 

Task No.:- Client: Project: OWF Phase V Project N o . : m I  742 

0 '  

Bottom Left Right 
Width Side Slope Side Slope 

(ft) (H:V) (H:V) 

0 1.51 3.0:l 

0 3.0:1 1.5:1 

- 4464 

Table 6 - Areas of the IRCA taken at various elevations for all three 
stages of the closure sequence used in HydroCAD calculations 

St; 

Elevation 

(ft) 
588 
589 
590 
592 
594 
596 
598 
600 
603 

e l  

Area 
(ft2) 

3,412 
7,493 
13,404 
29,304 
38,667 
45,187 
50,194 
55,184 
62.756 

~~~~ ~ ~ 

Elevation 

(ft) 
588 
589 
595 
596 
598 
600 
602 
603 

e II 

51 3 
1,325 
7,166 
9,718 
18,724 
35,881 
55,983 
62,756 

Sk e I l l  

Elevation 

(ft) 
595 
596 
597 
598 
599 
600 
60 1 
602 
603 

Area 
(ft2) 

80 
1,442 
4,065 
7,390 
10,779 
14,097 
17,904 
22,377 
27,559 

Notes: (1) The areas were computed using AutoCAD. 
(2) HydroCAD uses the areas and elevations to establish the IRCA storage volume. 

Table 7 - Input parameters describing the geometry of the channels 
used to solve for the peak depth of flow within the channels 

Notes: (1) These inputs will be used to solve for the peak depth of flow, h using an 

(2) Values for the Area of Flow, A and the Wetted Perimeter. P are functions 
Excel spreadsheet 

of the above parameters and the peak depth of flow, h. 
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Stage 

1 

11 

111 

Table 8 - Results of IRCA Analysis 

Uncapped VolunE of Volume Provided IRCA Volume of Select Volume of Non-Select Total Volume of 
Aren IRCA Required By Design Containment Impacted Material Impacted Material lmpncted Materinl 

Elevation‘” Remaining to be Placed’) . Remaining IO be Placed’) Remaining to be Placed‘’’ 

(ft) (CY) (CY) (CY) (ncres) (ft’) (f?) 

15.09 195,400 588,500 603.0 14,426 26.575 41,001 

8.55 I13,Ooo 269,200 603.0 9.825 19,179 29.004 

3.88 51,200 58,800fz.) ’)$;id’’ 603.00i 0 0 0 
~ ~- ~~~ ~ 

Notes (1) The crest of the IRCA for each Sta e s El 604 11 I erefore Ihe reported elevation corresponds to 1 11 of freeboard. 
&I&+ 02 )  ~ J ~ & I C I Z  

(2) Corresponds to Ihe volume -1 two lilts 01 compacted clay 
(3) Volumes 01 Impacted Maierlal are eslimales !or in!ormation purposes only. the contraqor should perform a detailed 
quantiiy calculation should exact quantilles be required. The compulaltons can be lound in Attachment A-4 

.3 

0 
0 
8 
0 
c3 
4 
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Channel D 

Channel E 

L 

IMPACTED RUNOFF 
CATCHMENT AREA 

‘ I  
T Channel A I 

Chai %I 8 

t-- Channel C -1 

Figure 1 - Stage I: Required IRCA for Cells 6 and 7 uncapped (Not to Scale) 
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IMPACTED RUNOFF 
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Chonnel B 

Figure 2 - Stage 11: Cell 6 closed and Cell 7 uncapped (Not to Scale) 
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Pond A m  
0.64 a c r e s 7  

Figure 3 - Stage 111: Cell 6 closed and Cell 7 substantially closed (Not to Scale) 
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Figure 4 - Cross-section of “V-Shaped” channel (Not to Scale) 
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Minimum Cell 7 Impacted Runoff Catchment Area (IRCA) 
Containment Volume Requirements'') 

16 

$ 14 

h rn 

Q 
Y 

E< 12 
0 

0 

m 

10 
c 

s a  z 

2 

.I= 

rn 0 6  

B 
Q 4  

= 2  

0 

c 
0 50,000 100.000 150,000 200,000 250,000 

Minimum Required IRCA Containment Volume(2) (cf) 

Notes: ( I )  Minimum required IRCA containment volumes correspond to estimated runoff from cell area discharging 
to IRCA as'computed using HydroCAD. 

(*) Minimum required IRCA containment volumes do not include freeboard. 
('I Cell area discharging to IRCA includes area of IRCA 
(4) Stages shown are as indicated on Construction Drawings. 

Figure 5 - Design Chart for Sizing IRCA 
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ATTACHMENT A-1 

IRCA CAPACITY CALCULATIONS 
HYDROCAD OUTPUT 

F0230003.doc 1/23/2002 

. .  , , ,  . 

000043 



GEOSYNTEC CONSULTANTS PAGE 92 OF//j.- 

Written by: e n "  O L  Date:-Reviewed by: h . f l  D a L q r W  

Client: P r o j e c k O S n F a c r  V Project N o . : w ? 4 2  Task No.:-UA 

- 4 4 6 4  

- 
F0230003.doc 

STAGE I CALCULATION 

. . . . .  . 

-- 
-.BL 

1/23/2002 

000044 



I 



@fL 2\1\5me,+L- 

J& *%3/ZO@Z %/h- 
Fernald Cells 6-7 Stage I (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCADO 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 1 

1 /22/2002 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points -- 4 6 6 4  
Runoff by SCS TR-20 method, UH=SCS, Type I I  24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

Subcatchment 1s: Area A 
Tc=2.8 min CN=91 Area=3.070 ac Runoff= 20.84 cfs 0.888 af 

Subcatchment 2s: Area B 
Tc=3.3 min CN=91 Area=2.590 ac Runoff= 17.31 cfs 0.749 af 

Subcatchment 3s: Area C 
Tc=2.7 rnin CN=91 Area=2.210 ac Runoff= 15.05 cfs 0.639 af 

Subcatchment 4s: Area D 
Te2.9 min CN=91 Area=3.470 ac Runoff= 23.48 cfs 1.004 af 

Subcatchment 5s: Area E 
Tcz2.2 min CN=91 Areaz1.330 ac Runoff= 9.20 cfs 0.385 af 

Subcatchment 6s: Area Fa and Fb 
Tc=1.3 rnin CN=91 Area=0.980 ac Runoff= 6.96 cfs 0.284 af 

Subcatchment 7s: Pond Area 
Tc=O.O rnin CN=100 Area=1.440 ac Runoff= 11.51 cfs 0.537 af 

Reach 1 R:'Channel B Inflow= 20.84 cfs 0.888 af 
Length= 498.0' Max Vel= 4.7 fps Capacity= 1.01 1.08 cfs Outflow= 19.89 cfs 0.886 af 

Reach 2R: Channel C Inflow= 35.36 cfs 1,635 af 
Length= 420.0 Max Vel= 6.6 fps Capacity= 1,318.10 cfs Outf!ow= 34.84 cfs 1.633 af 

Reach 3R: Channel E Inflow= 23:48 cfs 1.004 af 
Length= 154.0' Max Vel= 5.0 fps Capacity= 1,049.73 cfs Outflow= 23.30 cfs' 1.003 af 

Reach 4R: Dummy Reach 

Reach 5R: Dummy Reach 

Pond 1P: Detention Pond 

Inflow= 46.30 cfs 2.272 af 
Outflow= 46.30 cfs 2.272 af 

Inflow= 31.90 cfs 1.388 af 
Outflow= 31.90 cfs 1.388 af 

Peak Storage= 4.480 af Inflow= 90.33 cfs 4.481 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 15.090 ac Volume = 4.485 af Average Depth = 3.57" 

z / 9 q W L f  
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Type I1 24-hr Rainfall=4.70" 
Page 2 

1 /22/2002 

B Subcatchment 1 S: Area A - -  4 6 6 4  

Runoff = 20.84 cis @ 11.93 hrs, Volume= 0.888 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
3.070 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 Sheet Flow, Segment A-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment A-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment A-3 

0.4 163 0.1670 6.6 Shallow Concentrated Flow, Segment A-4 

1.2 400 0.0075 5.5 27.98 TrapNeelRect Channel Flow, Channel A 

2.8 710 Total 

(min) (feet) (Wft) (ft/sec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=l.50' Z= 1.5 & 3.0 T n= 0.018 

D Subcatchment 1s: Area A 
Hydrograph Plot 

-~ - - - - _:__ - ...... - - ..... .... r ' "  ' , . . .  
, ! i : : , I  
i f ! .  / I /  

. . - _ _ _  . 

- *  ..... . . / .  ! I 

- ... .. - i .. - _:__ ............. .i .... .:.. .... ! . . . .  
i ! : :  : ! a  

.r - - . :_  _ - ........ - - - . , , . r - - .  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 
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Type I/ 24-hr Rainfall=4.70" 
Page 3 

1 /22/2002 HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment 2s: Area B 

Runoff = 17.31 cfs @ 11.94 hrs, Volume= 0.749 af 4 6 6 4  
D 

' Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfalk4.70" 

Area (ac) CN Description 
2.590 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 Sheet Flow, Segment 6-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment 6-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment 6-3 

0.4 163 0.1670 6.6 Shallow Concentrated Flow, Segment 8-4 

1.7 498 0.0060 4.9 25.03 TrapNeelRect Channel Flow, Channel B 

3.3 808 Total 

(min) (feet) (Wft) (ftkec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=1.50' Z= 1.5 & 3.0 T n= 0.018 

Subcatchment 2s: Area B 
Hydrograph Plot 

I ! ,  - i i l  
'! ! ! ,  , : I 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
. I _  . .  l .  . . i . .  . . . . . .  ! .  , i .  I .  

i ! : ; ; l l  

3 , i . : z :  
i * :.. ... ! i L .... 

. I . .  .... i. . . .  . . i . .  . . . . . . . . . .  .; . .  ._ !_ .  . . .  & . . .  
I ; : : : ; ,  

i i !  

Time (hours) 

./ 
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HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type I! 24-hr Rainfall=4.70" 
Page 4 

1 /22/2002 

B Subcatchment 3s: Area C 

Runoff = 15.05 cfs 8 11.93 hrs, Volume= 0.639 af - 4 6 6 4  

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I1 24-hr Rainfall=4.70" 

Area (ac) CN Description 
2.210 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 98 0.0500 1.8 Sheet Flow, Segment C-1 
Smooth surfaces n= 0.01 1 P2= 2.55" 

0.0 2 0.1000 1.1 Sheet Flow, Segment C-2 
Smooth surfaces n= 0.01 1 P2= 2.55" 

0.2 59 0.1000 5.1 Shallow Concentrated Flow, Area C-3 
Unpaved Kv= 16.1 fps 

0.5 191 0.1670 6.6 Shallow Concentrated Flow, Area C-4 
Unpaved Kv= 16.1 fps 

1 .I 420 0.0100 6.4 32.31 TrapNeelRect Channel Flow, Channel C 
Bot.W=O.OO' D=l.50' Z= 1.5 & 3.0 '/' n= 0.018 

2.7 770 Total 

(min) (feet) (fvft) (fVsec) (cfs) 

Subcatchment 3s: Area C B 
Hydrograph Plot 

i i i  

! ! .  j i /  

. . :  

. ,- .~ . . _ j _ .  : .  ~ , _._ - .. _. . ._ . . . .  
! ! / , : : I  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 

LO Runoff 1 
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Fernald Cells 6-7 Stage I (Task 17.4) 
Prepared by GeoSyntec Consultants 
HvdroCAD@ 6.00 sin 000929 0 1986-2001 Applied Microcomputer Systems 

B Subcatchment 4s: Area D 

Runoff = 23.48 cfs @ 11.93 hrs, Volume= 1.004 af 
- 4 6 6 4  

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
3.470 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 " Sheet Flow, Segment D-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment D-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment D-3 

0.5 205 0.1670 6.6 Shallow Concentrated Flow, Segment D-4 

1.2 400 0.0075 5.5 27.98 TrapNee/Rect Channel Flow, Channel D 

2.9 752 Total 

(min) (feet) (fVft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO D=l SO' Z= 3.0 & 1.5 I/' n= 0.018 

Subcatchment 4s: Area D D 
Hydrograph Plot 

i / i i ! i !  

: ! i . ,  ! i l  
. . . ,.. - .. & . ~ .:.. .. . _. - .. . j  - - . . /_  .. ., & - .. . 

! ! . . , : ;  , , . .  

I ! :  
. ! . :  

! i :  

Time (hours) 
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Subcatchment 5s: Area E 
- 4664 

Runoff = 9.20 cfs @ 11.93 hrs, Volume= 0.385 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.330 91 . Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 . Sheet Flow, Segment E-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment E-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment E-3 

0.5 205 0.1670 6.6 Shallow Concentrated Flow, Segment E-4 

0.5 154 0.0065 5.1 26.05 TrapNeelRect Channel Flow, Channel E 

2.2 506 Total 

(min) (feet) (tvft) (ft/sec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=l.50' Z= 3.0 & 1.5 T n= 0.01 8 

Subcatchment 5s: Area E 

Time (hours) 
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7- 

6- 

5- 

I n -  
0 
- - 4- 
3 
0 :  ii 

3- 

2- 

1: 

0-4 
0 

B Subcatchment 6s: Area Fa and Fb 

Runoff = 6.96 cfs Q 11.92 hrs, Volume= 0.284 af 

/ 

' 

' 

' 

. ,  

.' 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
' 0.980 91 Total Sideslope Area F 

Tc Length Slope Velocity Capacity Description 

0.8 88 0.0500 1.7 Sheet Flow, Segment F-1 

0.1 12 0.1000 1.5 Sheet Flow, Segment F-2 

0.1 17 0.1000 5.1 Shallow Concentrated Flow, Segment F-3 

0.3 143 0.2500 8.1 Shallow Concentrated Flow, Section F-4 

(min) (feet) (ft/ft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 
1.3 260 Total - 

Subcatchment 6s: Area Fa and Fb 

....... 
I 

, I : :  

! ! ! :  
! I ! ;  
/ / i j  

; ! I ;  

! ! ! ,  
! I ! ,  
j t j l  

... I .... ! _  . ..I__ 

I 

I e?l Runoff 1 

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 
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Subcatchment 7s: Pond Area 

Type II 24-hr Rainfall=4.70" 
Page 8 
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-- 4 6 6 4  B 
[46] Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 11.51 cfs @ 11.90 hrs, VolGme= 0.537 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I 1  24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.440 100 PondArea 

Subcatchment 7s: Pond Area 
Hydrograph Plot 

I #  I I i I  I I , I t I f a ! : i i  i 
, l l l , r , l l l l l i , ! l , l  

i l l l l l l ' i l l  

i * , , , I  i !  ! I  
: i ! !, , i . 1 I .. , . . , ! : _ ,  . , .. .!. . . .  . ! . . .  . !. iB / " ' . , . .  . ' !  , i . ! i I 

! ! I ! ! <  i i !  

LEI Runoff 

0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1  
Time (hours) 
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Reach 1R: Channel B 4664 
Inflow = 20.84 cfs @ 11.93 hrs, Volume= 
Outflow = 19.89 cfs 8 11.98 hrs, Volume= 

0.888 af 
0.886 af, I tten= 5%, Lag= 2.8 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.0 
Max. Velocity= 4.7 fps, Min. Travel Time= 1.8 min 
Avg. Velocity = 1.7 fps, Avg., Travel Time= 5.0 min 

Peak Depth= 1.38' 
Capacity at bank full= 1,011.08 cfs 
Inlet Invert= 604.20', Outlet Invert= 601.20' 

hrs 

0.00' x 6.00' deep channel, n= 0.01 8 Length= 498.0' Slope= 0.0060 T 
Side Slope Z-value= 1.5 3.0 '/' 

Reach 1R: Channel B 

2 3 4 5 6 7 a 9 i o  1 1  12 
Time (hours) 

13 14 15 16 17 18 19 20 0 1  
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Fernald Cells 6-7 Stage I (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Reach 2R: Channel C 

[61 J Hint: Submerged 51 % of Reach 1 R bottom 

B -- 4 4 4 4  

Inflow = 35.36 cfs Q 11.96 hrs, Volume= 1.635 af 
Outflow = 34.84 cfs Q 11.99 hrs, Volume= 1.633 af, Atten= 1 %, Lag= 1.8 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 6.6 fps, Min. Travel Time= 1.1 min 
Avg. Velocity = 2.3 fps, Avg. Travel Time= 3.0 min 

Peak Depth= 1.54' 
Capacity at bank full= 1,318.1 0 cfs 
Inlet Invert= 601.20', Outlet Invert= 596.90' 
0.00' x 6.00' deep channel, n= 0.01 8 Length= 420.0' Slope= 0.01 02 I/' 
Side Slope Z-value= 1.5 3.0 '/' 

Reach 2R: Channel C 
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Prepared by GeoSyntec Consultants 
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Reach 3R: Channel E - 4664 D 
Inflow = 23.48 cfs 8 11.93 hrs, Volume= 1.004 af 
Outflow = 23.30 cfs @ 11.95 hrs, Volume= 1.003 af, Atten= 1%, Lag= 0.9 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 5.0 fps, Min. Travel Time= 0.5 min 
Avg. Velocity = 1.8 fps, Avg. Travel Time= 1.5 min 

Peak Depth= 1.44' 
Capacity at bank full= 1,049.73 cfs 
Inlet Invert= 597.20', Outlet Invert= 596.20' 
0.00' x 6.00' deep channel, n= 0.01 8 Length= 154.0' Slope= 0.0065 I/' 
Side Slope Z-value= 3.0 1.5 '/' 

Reach 3R: Channel E 

0 1  

Hydrograph Plot 
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Type I! 24-hr Rainfall=4.70" 
Page 12 

1 /22/2002 

Reach 4R: Dummy Reach - 4 6 6 4  
B 

[40] Hint: Not Described (Oufflow=lnflow) 

Inflow - 46.30 cfs @ 11.96 hrs, Volume= 2.272 af 
Outflow = 46.30 cfs @ 11.96 hrs, Volume= 2.272 af, Atten= 0%, Lag= 0.0 min 

- 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach 4R: Dummy Reach 

0 
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-- 46618 D Reach 5R: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 

Inflow = 31.90 cfs @ 11.94 hrs, Volume= 1.388 af 
Outflow = 31.90 cfs @ 11.94 hrs, Volume= 1.388 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

0 1  

I Inflow 'I I Outflow 
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Type II 24-hr Rainfall=4.70" . 

B Pond 1P: Detention Pond $ 4 6 8  
Inflow = 90.33 cfs @ 11.94 hrs, Volume= 4.481 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs; dt= 0.01 hrs 

Peak Elev= 595.63' Storage= 4.480 af 
Plug-Flow detention time= (not calculated) 
.Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area IncStore Cum.Store 
(feet) (acres) (acre-feet) (acre-feet) 

587.80 
588.00 
589.00 
590.00 
592.00 
594.00 
596.00 
598.00 
600.00 
603.00 

0.000 
0.078 
0.1 72 
0.308 
0.673 
0.888 
1.037 
1.1 52 
1.267 
1.441 

0.000 
0.008 
0.125 
0.240 
0.981 
1.561 
1.925 
2.1 89 
2.41 9 
4.062 

0.000 
0.008 
0.1 33 
0.373 
1.354 

\ 2.915 
4.840 
7.029 
9.448 
13.510 2~ ffc CJ 

100 
95 
90 
85 
80 
75 
70 
65 

3 60 

50 

40 
35 
30 
25 
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't - 55 

g 45 

I ~-. . 0.c 
.-I 

Pond 1P: Detention Pond 

. . .  Hydrograph Plot 
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Fernald Cells 6-7 Stage II (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points - - 4 6 6 4  
Runoff by SCS TR-20 method, UHSCS, Type II 24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

Subcatchment 2s: Area B 
Tc=2.7 min CN=91 Area=2.590 ac. Runoff= 17.64 cfs 0.749 af 

Subcatchment 3s: Area C 
Tc=2.3 min CN=91 Area=2.210 ac Runoff= 15.24 cfs 0.639 af 

Subcatchment 5s: Area E 
Tcz2.0 min CN=91 Area=l.330 ac Runoff= 9.25 cfs 0.385 af 

Subcatchment 6s: Area Fa and Fb 
T ~ 1 . 3  min CN=91 Area=0.980 ac Runoff= 6.96 cfs 0.284 af 

Subcatchment 7s: Pond Area 
Tc=O.O min CN=100 Area=l.440 ac Runoff= 11.51 cfs 0.537 gf 

Reach 2R: Channel C Inflow= 17.64 cfs 0.749 af 
Length= 420.0' Max Vel= 5.5 fps Capacity= 1,318.1 0 cfs Outflow= 17.1 2 cfs 0.748 af 

Reach 4R: Dummy Reach 

Reach 5R: Dummy Reach 

Inflow= 30.67 cfs 1.387 af 
Outflow= 30.67 cfs 1.387 af 

Inflow= 9.25 cfs 0.385 af 
Outflow= 9.25 cfs 0.385 af 

Pond 1P: Detention Pond Peak Storage= 2.592 af Inflow= 55.17 cfs 2.593 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 8.550 ac Volume = 2.594 af Average Depth = 3.64" 

2 //$dU&f 
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Type I/ 24-hr Rainfalk4.70" 
Page 2 

1 /22/2002 

Subcatchment 2s: Area B 

Runoff = 17.64 cfs @ 11.93 hrs, Volume= 0.749 af 
- -  4 6 6 4  

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
2.590 91 Total Area 

Tc Length Slope Velocity Capacity Description 
(min) (feet) (ft/ft) (ft/sec) (CfS) 

0.9 89 0.0500 1.7 Sheet Flow, Segment 8-1 
Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=3.00' Z= 1.5 & 3.0 Ir n= 0.018 

0.1 11 0.1000 1.5 Sheet Flow, Segment 8-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment 6-3 

0.4 163 0.1670 6.6 Shallow Concentrated Flow, Segment 8-4 

1.1 498 0.0060 7.8 158.92 TrapNeelRect Channel Flow, Channel 6 

2.7 808 Total 

Subcatchment 2s: Area B 
Hydrograph Plot 
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Runoff = 15.24 cfs 8 

Runoff by SCS TR-20 method, 
Type II 24-hr Rainfall=4.70" 

Subcatchment 3s: Area C 

11.93 hrs, Volume= 0.639 af 
- -  4 6 6 4  

UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Area (ac) CN Description 
2.210 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 98 0.0500 1.8 Sheet Flow, Segment C-1 
Smooth surfaces n= 0.01 1 P2= 2.55" 

0.0 2 0.1000 1.1 Sheet Flow, Segment C-2 
Smooth surfaces n= 0.01 1 P2= 2.55" 

0.2 59 0.1000 5.1 Shallow Concentrated Flow, Area C-3 
Unpaved Kv= 16.1 fps 

0.5 191 0.1670 6.6 Shallow Concentrated Flow, Area C-4 
Unpaved Kv= 16.1 fps 

0.7 420 0.0100 . 10.1 205.16 TrapNeelRect Channel Flow, Channel C 
Bot.W=O.OO' D=3.00' Z= 1.5 & 3.0 I/' n= 0.018 

2.3 770 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

O O O Q 6 4  
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- 4 6 6 4  D Subcatchment 5s: Area E 

Runoff = 9.25 cfs @ 11.92 hrs, Volume= 0.385 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.330 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 Sheet Flow, Segment E-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment E-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment E-3 

0.5 205 0.1670 6.6 Shallow Concentrated Flow, Segment E-4 

0.3 154 0.0065 8.2 165.40 TrapNee/Rect Channel Flow, Channel E 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot:W=O.OO' D=3.00' Z= 3.0 & 1.5 I/' n= 0.018 
2.0 506 Total 

B Subcatchment 5s: Area E 

Time (hours) 
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Subcatchment 6s: Area Fa and Fb 
- 4 4 6 4  

Runoff = 6.96 cfs @ 11.92 hrs, Volume= 0.284 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.980 91 Total Sideslope Area F 

Tc Length Slope Velocity .Capacity Description 

0.8 88 0.0500 1.7 Sheet Flow, Segment F-1 

0.1 12 0.1000 1.5 Sheet Flow, Segment F-2 

0.1 17 0.1000 5.1 Shallow Concentrated Flow, Segment F-3 

0.3 143 0.2500 8.1 Shallow Concentrated Flow, Section F-4 

(min) (feet) (ft/ft) (Wsec) (CfS) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 
1.3 

0 

260 Total 

Subcatchment 6s: Area Fa and Fb 
Hydrograph Plot 
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D Subcatchment 7s: Pond Area 

Type 1124-hr Rainfalk4.70" 
Page 6 

1 /22/2002 

- $ 6 6 4  
[46] Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 11.51 cfs 8 11.90 hrs, Volume= 0.537 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfalk4.70" 

Area (ac) CN Description 
,1.440 100 PondArea 

Subcatchment 7s: Pond Area 

0 

Hydrograph Plot 
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Reach 2R: Channel C 

Inflow = 17.64 cfs @ 11.93 hrs, Volume= 0.749 af 
Outflow = 17.12 cfs @ 11.97 hrs, Volume= 0.748 af, Atten= 3%, Lag= 2.1 min 

B - 4 6 6 4  

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 5.5 fps, Min. Travel Time= 1.3 min 
Avg. Velocity = 1.9 fps, Avg. Travel Time= 3.6 min 

Peak Depth= 1.18' 
Capacity at bank full= 1,318.1 0 cfs 
Inlet Invert= 601.20, Outlet Invert= 596.90' 
0.00' x 6.00' deep channel, n= 0.01 8 Length= 420.0' Slope= 0.01 02 T 
Side Slope Z-value= 1.5 3.0 T 
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Reach 2R: Channel C 
Hydrograph Plot 
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Reach 4R: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 

30.67 cfs 8 11 -94 hrs, Volume= 1.387 af Inflow = 
Outflow = 30.67 cfs 8 11.94 hrs, Volume= 1.387 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
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B Reach 5R: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 

Inflow = 9.25 cfs 8 11.92 hrs, Volume= 
Outflow = 9.25 cfs @ 11.92 hrs, Volume= 

0.385 af 
0.385 af, Atten= O%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

000070 
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- 4 6 6 4  Pond 1P: Detention Pond . 

Inflow = 55.17 cfs @ 11.92 hrs, Volume= 2.593 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min . 
Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 599.82' Storage= 2.592 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation 
(feet) 

587.80 
588.00 
589.00 
595.00 
596.00 
598.00 
600.00 
602.00 
603.00 

Surf.Area 
(acres) 
0.000 
0.01 2 
0.030 
0.165 
0.223 
0.430 
0.824 
1.285 
1.441 

Inc.Store 
(acre-feet) 

0.000 
0.001 
0.021 
0.585 
0.194 
0.653 
1.254 
2.109 
1.363 

Cum.Store 
(acre-feet) 

0.000 
0.001 
0.022 
0.607 
0.801 
1.454 
2.708 
4.817 
6.180 268 2006 /1 

Pond IP: Detention Pond 
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' Prepared by GeoSyntec Consultants Page 1 

1 /22/2002 HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 
Runoff by SCS TR-20 method, UH=SCS, Type I 1  24-hr Rainfall=4.70" 

- 4 4 6 4  

Subcatchment 6s: Area F 
TcZl.7 min CN=91 Area=3.246 ac Runoff= 22.81 cfs 0.939 af 

Subcatchment 7s: Pond Area 
Tc=O.O min CN=100 Area=0.636 ac Runoff= 5.08 cfs 0.237 af 

. Pond 1P: Detention Pond Peak Storage= 1.176 af Inflow= 27.15 cfs 1.176 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 3.882 ac Volume = 1.176 af Average Depth = 3.64" 

=rp2mr/ . 
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LdL %/an2 73 o f  lir 
Fernald Cells 6-7 Stage 111 (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I/ 24-hr Rainfall=4.70" 
Page 2 

1/22/2002 

Subcatchment 6s: Area F. 

Runoff = 22.81 cfs @ 11.92 hrs, Volume= 0.939 af - 4 6 6 4  
Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area(ac) . CN Description 
3.246 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 Sheet Flow, Segment F-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment F-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment F-3 

0.5 202 0.1670 6.6 Shallow Concentrated Flow, Segment F-4 

1.7 349 Total 

(min) (feet) (ft/ft) (ft/sec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Subcatchment 6s: Area F 

Time (hours) 
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Fernald Cells 6-7 Stage 111 (Task 17.4) Type 1124-hr Rainfalk4.70" 
Prepared by GeoSyntec Consultants 
HVdroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

B Subcatchment 7s: Pond Area 

Page 3 
1 /22/2002 

[46] Hint: Tc=O (Instant runoff peak depends on dt) 

fjunoff = 5.08 cfs @ 11.90 hrs, Volume= 0.237 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfalk4.70" 

\ 

Area (ac) CN Description 
, 0.636 100 PondArea 

Subcatchment 7s: Pond Area 

B 

Hydrograph Plot 
, I  i I i , ' I  I I I I 1 ,  i , ! * l  I 
, l l l ~ l l I l l i l l l , l ! l l  

; j , i 
I !  I l l , ! ; , !  

1 : , , : : 1  
l I , ! t ! l  

-1 -  .. * ... ... ._!.. ......... y ... - t - .  ... 
. $  i t  ! i , I )  

, : j ! : ! i  

~ , . . ..,. . .......,.... , .... , . . .  , ......... , .... , ... , . . . . ,  . . . . .  , . . ~  .,... , - 8 -  - s - -  ..-.- 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Time (hours) 
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Fernald Cells 6-7 Stage 111 (Task 17.4) *%'' Type 1124-hr Rainfall=4.70" 
Prepared by GeoSyntec Consultants 
HvdroCAD@ 6.00 s/n. 000929 0 1986-2001 Applied Microcomputer Svstems 

Page 4 
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Pond 1 P: Detention Pond & - 4 6 6 4  
Inflow = 27.15 cfs 8 11.92 hrs, Volume= 1.1 76 af 
Outflow = 0.00 cfs 8 0.00 hrs, Volume= 0.000 af, Atten= 1 OO%, lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 601.22' Storage= 1.176 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area I nc.Store Cum. Store 
(feet) (acres) (acre-feet) (acre-feet) 

594.80 0.000 0.000 0.000 
595.00 0.002 0.000 0.000 
596.00 0.033 0.01 7 0.01 8 
597.00 0.093 0.063 0.081 
598.00 0.170 0.131 0.212 
599.00 0.247 0.208 0.421 
600.00 0.324 0.286 0.706 
601 .OO 0.41 1 0.367 1.074 
602.00 0.51 4 0.462 1.536 
603.00 0.633 0.573 2.1 10 

B 
30 
2a 

26 

24 

22 

20 - 18 

2. 16 

14 

12 

10 

u) c 

- 
U. 

a 
6 

4 

& 
0 

Pond 1P: Detention Pond 
Hydrograph Plot 

: . ' ,  I ! i ,  ! , : ! i : I ,  ; ! rzl H Outflow 

- -  
Time (hours) 
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Fernald-Cells 6-7 Stage 111 (Task 17.2) 
Prepared by {enter your company name here} 
HvdroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I/ 24-hr Rainfall=4.70" 
Page 1 

la1 0/2001 

Elevation 
#' - (feet) 

594.80 
594.90 

:. z 
595.00 
595.1 0 
595.20 
595.30 
595.40 
595.50 
595.60 
595.70 
595.80 
595.90 
596.00 
596.10 
596.20 
596.30 
596.40 
596.50 
596.60 
596.70 
596.80 
596.90 
597.00 
597.10 B 597.20 
597.30 
597.40 
597.50 
597.60 
597.70 
597.80 
597.90 
598.00 . 
598.1 0 
598.20 
598.30 
598.40 
598.50 
598.60 
598.70 
598.80 
598.90 
599.00 
599.10 
599.20 
599.30 
599.40 
599.50 
599.60 
599.70 
599.80 D 599.90 

Surface 
(acres) 
0.000 
0.001 
0.002 
0.005 
0.008 
0.01 1 
0.014 
0.017 
0.021 
0.024 
0.027 
0.030 
0.033 
0.039 
0.045 
0.051 
0.057 
0.063 
0.069 
0.075 
0.081 
0.087 
0.093 
0.101 
0.108 
0.1 16 
0.124 
0.131 
0.139 . 
0.147 
0.155 
0.162 

. 0.170 
0.178 
0.1 85 
0.1 93 
0.201 
0.208 
0.216 
0.224 
0.232 
0.239 
0.247 
0.255 
0.262 
0.270 
0.278 
0.285 
0.293 
0.301 
0.309 
0.31 6 

Storage 
(acre-feet1 

0.000 
0.000 
0.000 
0.002 
0.004 
0.005 
0.007 
0.009 
0.01 1 
0.012 
0.014 
0.016 
0.018 
0.024 
0.030 
0.037 
0.043 
0.049 
0.055 
0.062 
0.068 
0.074 
0.081 
0.094 
0.107 
0.120 
0.133 
0.1.46. 
0.160 
0.173 
0.186 
0.199 
0.212 
0.233 
0.254 
0.275 
0.296 
0.316 
0.337 
0.358 
0.379 
0.400 
0.421 
0.449 
0.478 
0.506 
0.535 
0.563 
0.592 
0.621 
0.649 
0.678 

Pond 1 P: DetentiQn Pond - 4664 

&lev;::; 
Surface Storage 

0 (acres) (acre-feet) 
600.00 
600.10 
600.20 
600.30 
600.40 
600.50 
600.60 
600.70 
600.80 
600.90 
601 .OO 
601.10 

. 601.20 
601.30 
601.40 
,601 S O  

;4?3 601 -60 
601.70 
601.80 
601.90 
602.00 
602.10 
602.20 
602.30 
602.40 
602.50 
602.60 
602.70 
602.80 
602.90 
603.00 

0.324 
0.333 
0.341 
0.350 
0.359 
0.367 
0.376 
0.385 
0.394 
0.402 
0.41 1 
0.421 
0.432 
0.442 
0.452 
0.462 
0.473 
0.483 
0.493 
0.504 
0.514 
0.526 
0.538 
0.550 
0.562 
0.573 
0.585 
0.597 
0.609 
0.621 

0.706 
0.743 
0.780 
0.816 
0.853 
0.890 
0.927 
0.963 
1 .ooo 
1.037 
1.074 
1.120 
1.166 
1.212 
1.259 

1.444 
1.490 
1.536 
1.594 
1.651 
1.708 
1.766 
1.823 
1.880 
1.938 
1.995 
2.052 

"cT/, I 7 7  I 1 

i/ 
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Fernald Cells 6-7 Stage I (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type 1124-hr Rainfall=4.70" 
Page 12 

1 /22/2002 

[40] Hint: Not Described (Outflow=lnflow) 

Inflow = I 46.30 cfs 8 11 2.272 af 
Outflow = 46.30 cfs @ 11 2.272 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach 4R: Dummy Reach 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 

800083 
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Fernald Cells 6-7 Stage I (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCAm 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall&. 70" 
Page 13 

1/22/2002 

Reach 5R: Dummy Reach &,&,,,,&-- ;-4664 B 
[40] Hint: Not Described (Outflow=lnflow) 

Inflow = I 31 -90 cfs @ 11.94 hrs,[ Volume= 1.388 af 
Outflow = 31.90 cfs @ 11.94 hrs, Volume= 1.388 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach 5R: Dummy Reach 

0 1  

O O Q 0 8 4  



~ ~~~ 

DesigdCheck: TrapezoidallTriangular Channel 
Methodology: Manning's Equation r Proiect: Fernald OSDF Phase V 

- 4 6 6 4  

Peak Discharge, &= cfs 
Bottom Width, B = ft 

Left Side Slope, 2, = 
Right Side Slope, Z, = 

Manning's Roughness Coeff.. n = 

horizontal : I  vertical 
horizontal :I vertical 

ft/ft Lmgitudinal Channel Slope, So = 

Discharge versus Depth Relationship 

80 

0.0 0.5 1 .o 1.5 2.0 2.5 

CDC. 12/IIRoo1.11:57Ahl GEOSYNTEC CONSULTANTS F d d  Phase V - CeU Closure Trench Capacity.xls. S o u b  Channel 

0000135 



- 4 6 6 4  DesigdCheck: Trapezoidal/Triangular Channel 
Methodology: Manning's Equation 
Proiect: Fernald OSDF Phase V 

60 

50 

40 

30 . 

20 

10 

" 

I 4 

- 

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

~ ...._ 

. . . . . . . . . . . . . . . . . . . .  - 

........................... 

o w .  

Peak Discharge, Q-= cfs 
Bottom Width, B = f t  

Left Side Slope, Zl = 
Right Side Slope, Z, = 

Manning's Roughness Coeff., n = 

horizontal :1 vertical 
horizontal :1 vertical 

ft/ft Longitudinal Channel Slope, So = 

I I I I I I I I I 

CDC. 12/11/?.001. 11:58AM 

0.0 0.5 1 .o 1.5 2.0 2.5 

GEOSYNTEC CONSULTANTS Fcmald Phase V -Cell Closure Trench Capacicyxls, Wessrn Channel 

0OQQp36 
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42 oz3&z 70 o f ~ i . r  
Fernald Cells 6-7 Stage II (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I/ 24-hr Rainfall&. 70" 
Page 10 

1/22/2002 

- -  4 6 6 4  Pond 1P: Detention Pond 

Inflow = 55.17 cfs @ 11.92 hrs, Volume= 2.593 af 
Outflow = 0.00 cfs @? 0.00 hrs, Volume= 0.000 af, Atten= 1 OO%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

B 

I ;fak;ev;5~9f.W 1 Storage= 2.592 af 
ua- ow e en ion time= (not calculated] 

Sto;age and wetted areas determined by Prismatic sections 

Elevation Surf.Area Inc.Store Cum.Store 
(feet) (acres) (acre-feet) (acre-feet) 

587.80 
588.00 
589.00 
595.00 
596.00 
598.00 
600.00 
602.00 
603.00 

0 1  

0.000 
0.01 2 
0.030 
0.165 
0.223 
0.430 
0.824 
1.285 
1.441 

0.000 
0.001 
0.021 
0.585 
0.1 94 
0.653 
1.254 
2.109 
1.363 

0.000 
0.001 
0.022 
0.607 
0.801 
1.454 
2.708 
4.81 7 
6.180 2? 263 ZoOcf 

Pond 1P: Detention Pond 
Hydrograph Plot 

/ , I j i i ! . i  

!' I 
.. ..... ....... ... . . .  .... .. ........ ..... .... .......... .... !" .. . !  - - ?. . . ~  ', ...! ...... ,,. - .... - - ~~ ..... i ! l s a , : i  ! .  ._ - I - - - 

: i : ! : f ! , * ! 4  ! i ! ,  
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: i ; : i  
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. 2 . . .  .. -,.. .... i. .. - .: - .. i .... __, 

............................ 
. ; $ I s : ,  

... .. .. ......... .. 

' i  

.... . . . . . . .  ...... . .  . .  . . . .  -1 ... - .. .,.. ..-!- - .. ) . _  - * -  - -,. 
i i 4 i 1 i  

i l i ! . !  

. .  . . ! . ! !  ! . .  . ! % ! ! ! : ;  
i t : ;  

. - 1. .... .: - .. __!_. ................ ..; .................. .; - - -. ... .. . .  ; , > . . : . . ,  

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 



Slage II Drawdown Calculation 

a=m 
AV/Al= IdA 
At = A V M  
I = (hwater+ slde)!L 
L = W + L s l d a  
A = Cross-Section Length 

B 
k= 0.0033 Ws 

L =  i o  n 
Uloor = i o  ft 
bide  i on  
Elde E. O f t  

a a =  2 n  

Total Tlme 
661.948 sec 

days 
- 4 6 6 4  

Cmss 
Incremental. Section 

ElevaUm Surface Slorage Slorage Storage.AV hwaler gradient.I Length A r w A  a Q At 
(a) (acres) (acre-ft) (Cfl (Ct) (n) (wn) (n) (SO (CIS) @pm) (sac) 

587.80 0.000 O.Oo0 0.000 0.00 0.000 O.Oo0 0 0 0 
588.00 0.012 
588.20 0.016 
588.40 0.019 
588.60 0.023 
588.80 0.026 
589.00 0.030 
58920 .0.034 
589.40 0.039 
589.60 0.043 
589.80 0.048 
590.00 0.052 
590.20 0.057 

590.60 0.066 
59Q80 0.070 
591.00 0.075 
591.20 0.079 
591.40 0.084 
591.60 0.088 
591.80 0.093 
59200 ., 0.097 

590.40 0.061 

59220 
592.40 
592.60 
592.80 
593.00 
593.20 
593.40 
593.60 
593.80 
594.00 D . 594.20 
594.40 
594.60 
594.80 
595.00 
595.20 
595.40 
595.60 
595.80 
596.00 
596.20 
596.40. 
596.60 
598.80 
597.00 
597.20 
597.40 
597.60 
597.80 
598.00 
598.200 
598.400 
598.600 
598.800 
599.000 
599.200 
599.400 
599.600 
599.800 
594.820 

0.102 
0.106 
0.11 1 
0.1 15 
0.120 
0.124 
0.129 
0.133 
0.138 
0.142 
0.147 
0.151 
0.156 
0.160 
0.165 
0.177 
0.188 
0.200 
0.21 1 
0.223 
0.244 
0.264 
0.285 
0.306 
0.326 
0.347 
0.368 
0.389 
0.409 
0.430 
0.469 
0.509 
0.548 
0.588 
0.627 
0.666 
0.706 
0.745 
0.785 

6.001 
0.005 
0.010 
0.014 
0.018 
0.022 
0.042 
0.061 
0.081 
0.100 

0.139 

0.178 
0.198 
0.21 7 
0.237 
0.256 
0.276 
0.295 
0.315 
0.334 
0.354 
0.373 
0.393 
0.412 
0.432 
0.451 
0.471 
0.490 
0.510 
0.529 
0.549 
0.568 
0.588 
0.607 
0.646 
0.685 
0.724 
0.762 
0.801 
0.866 
0.932 
0.997 
1.062 
1.128 
1.193 
1.258 
1.324 
1.389 
1.454 
1.580 
1.705 
1 .830 
1.956 
2.081 
2.207 
2.332 
2.457 
2.583 
2.594 

0.!20 

ti. 159 

43.560 
217.800 
435.600 
609.840 
784.080 
958.320 
1829.520 
2657.160 
3528.360 
4356.m 
5227.200 
6054.840 
6926.040 
7753.680 
8624.880 
9452520 
10323.720 
1 1151.360 
12022560 
12850.200 
13721.400 
14549.040 
15420.240 
16247.880 
17119.080 
17946.720 
18817.920 
19645.560 
20516.760 
21344.400 
2221 5.600 
23043.240 
23914.440 
24742.080 
25613.280 
26440.920 
28139.760 
29838.600 
31 537.440 
33 192.720 
34891.560 
37722.960 
40597.920 
43429.320 
46260.720 
49135.680 
5 1967.080 
54798.480 
57673.440 
60504.840 
63336.240 
68824.800 
74269.800 
79714.800 
85203.360 
90648.360 
961 36.920 
101 581.920 
107026.920 
112515.480 
1 1m0.000 

43.56 
174.24 
217.80 
174.24. 
174.24 
174.24 
87120 
827.64 
871.26 
827.64 
871.20 
827.64 
871 20 
827.64 
871.20 
827.64 
871.20 
827.64 
87120 
827.64 
871.20 
827.64 
871 2 0  
827.64 
871.20 
827.64 
871.20 
827.64 
871.20 
827.64 
871 2 0  
827.64 
871.20 
827.64 
871.20 
827.64 
1698.84 
1698.84 
1698.84 
1655.28 

1698.84 
2831.40 
2874.96 
2831.40 
2831.40 
2874.96 
2831.40 
2831.40 
2874.96 
2831.40 
2831.40 
5488.56 
5445.00 
5445.00 
5488.56 
5445.00 
5488.56 
5445.00 
54'5.00 
5488.56 
484.52 

0.200 
0.400 
0.600 
0.800 
1.000 
1.200 
1.400 
1.600 
1 .a00 
2000 
2200 
2.400 
2600 
2800 
3.000 
3.200 
3.400 
3.600 
3.800 
4.000 
4.200 
4.400 
4.600 
4.800 
5.000 
5.200 
5.400 
5.600 
5.800 
6.000 
6.200 
6.400 
6.600 
6.800 
7.000 
7.200 
7.400 
7.600 
7.800 
8.000 
8.200 
8.400 
8.600 
8.800 
9.000 
9.200 
9.400 
9.600 
9.800 
10.000 
10.200 
10.400 
10.600 
10.800 
1~.000 
11 .200 
11.400 
11.600 
11.800 
12.000 
12.020 

0.010 
0.030 
0.050 
0.070 
0.090 
0.110 
0.130 
0.150 
0.170 
0.1 90 
0.210 
0.230 
0.250 
0270 
0.290 
0.310 
0.330 
0.350 
0.370 
0.390 
0.410 
0.430 
0.450 
0.470 
0.490 
0.510 
0.530 
0.550 
0.570 
0.590 
0.610 
0.630 
0.650 
0.670 
0.690 
0.710 
0.730 
0.750 * 

0.770 
0.790 
0.810 
0.830 
0.850 
0.870 
0.890 
0.910 
0.930 
0.950 
0.970 
0.990 
1.010 
1.030 
1.050 
1.070 
1.090 
1.110 
1.130 
1.150 
1.170 
1.190 
1.201 

42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 

42 
42 
42 
42 
42 
42 

42 84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 

'84 ' 

84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
64 
84 
84 
84 
84 

0.00277'2 1.2440726 15714.286 
0.008316 3.7322208 20952.381 
0.01386 6.220368 15714.286 
0.019404 8.7085152 8979.5918 
0.024948 11.196662 6984.127 
0.030492 13.68481 57142857 
0.036036 16.172957 24175.824 
0.04158 18.681104 19904.762 

0.047124 21.149251 18487.395 
0.052668 23.637398 15714.286 
0.058212 26.125546 14965.986 
0.063756 28.613693 12981.366 
0.0693 31.10184 12571.429 

0.074&14 33.589987 11058.201 
0.08Q388 36.078134 10837.438 
0.085932 38.566282 9631.3364 
0.091476 41.054429 9523.8095 
0.09702 43.542576 8530.6122 

0.102564 46.030723 8494.2085 
0.108108 48.51887 7655.6777 
0.1 13652 51.007018 7665.5052 
0.119196 53.495165 6943.5216 
0.12474 55.983312 6984.127 
0.130284 58.471459 63525836 
0.135828 60.959606 6413.9942 
0.141372 63.447754 5854.3417 
0.146916 65.935901 5929.9191 
0.15246 68.424048 5428.5714 

0,158004 70.91 21 95 551 3.7845 
0.1 63548 73.400342 5060.5327 
0.169092 75.88849 5152.2248 
0.174636 78.376637 4739.229 
0,18018 60.864784 4835.1648 
0.185724 83.352931 4456.29 
0.191268 85.841078 4554.8654 
0,196812 88.329226 4205.2314 
0.202356 90.817373 8395.3033 
0.2079 93.30552 8171.4286 

0.213444 95.793667 7959,1837 
0.218988 98.281814 7558.7703 
0.224532 100.76996 7566.1376 
0.230076 103.2581 1 12306.368 
0.23562 105.74626 12201.681 
0.241164 108.u44 11740.558 
0.246708 110.72255 11476.726 
0.252252 113.2107 11397.174 
0.257796 115.69864 10983.103 
0.26334 118.18699 10751.88 
0.268884 120.67514 10692.194 
0.274428 123.16329 10317.46 
0.279972 125.65143 101 13.154 
0.285516 128.13958 19223.301 
0.29106 130.62773 18707.483 

0.296604 133.11588 18357.81 
0.302148 135.60402 18165.138 
0.307692 138.0921 7 17696.268 
0.313236 140.58032 17522.124 
0.31878 143.06846 17080.745 

0.324324 145.55661 16788.767 
0.329868 148.04476 16638.655 
0.33291 72 149.41324 1455.3769 
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File: Slage I1 S1orage.xls 
Worlsheet Stagell Storage (2) 12/12ROol 

000093 



GEOSYNTEC C O N S U L T ~ T ~  
Date:" L1° 1 2-4 

W MM DD 
Date: I 1 Reviewed by: 

W MM DD 
Written by: 

Client: Project: Project/Proposal No.: Task No.: 



R 

w c ,**f J)  

4 66 4 



MW Z A T ~ W ~  2, 

c'pr X&* 9y &+h- 
Fernald Cells 6-7 Stage 111 (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Svstems 

Type lI 24-hr Rainfalld. 70" 
Page 4 

1/22/2002 

Pond 1P: Detention Pond , 4 6 6 4  B 
Inflow = 27.15 cfs Q 11.92 hrs, Volume= 1.176 af 
Outflow = 0.00 cfs Q 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 601.22' Storage= 1.176 af 
-time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area Inc.Store Cum.Store 
(feet) (acres) (acre-feet) (acre-feet) 

594.80 
595.00 
596.00 
597.00 
598.00 
599.00 
600.00 
601 .OO 
602.00 
603.00 

h 

c 
Y 

v) 

0 

6 
ii 

0.000 
0.002 
0.033 
0.093 
0.1 70 
0.247 
0.324 
0.41 1 
0.51 4 
0.633 

0.000 
0.000 
0.01 7 
0.063 
0.1 31 
0.208 

0.367 
0.462 
0.573 

0.286 

0.000 
0.000 
0.018 
0.081 
0.212 
0.421 
0.706 
1.074 
1.536 
2.1 10 

Pond 1P: Detention Pond 

I Inflow U E4 Outflow 

0 . 1  2 3 4 5 6 7 8 9 1 0  1.1 12 13 14 15 1 6  l> 18 19 20 
Time (hours) 
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Stage 111 Drawdown Calculation 

Q S k i A  k= 0.0033 fl/s 
AVIAl = kiA L =  262 n 
A1 = AVMA Uloor = 250 n 
I = (hwaler + zsideslopeW Lsideslope = 12 n 
L = moor + W d e  rsldeslope = 3 f l  
A = Cross-Section Length * a a =  2 n  

Total Time 
451.038 see 

days 

CrOSS 

Incremental Section 
Elevation SUdaCe Storage Storage Storage, AV hwater gradient. 1 Length Area. A Q Q At 

594.80 0.000 0.000 0.000 0.00 0.600 0.011 0 0 0 0 0 
L (a) (acres) (acrett) (Cf) (Cf) (n) (rvn) (n) (Sf )  (cfs) (gpm) (sac) 

594.90 
595.00 
595.10 
595.20 
595.30 
595.40 
595.50 
595.60 
595.70 
595.80 
595.90 
596.00 
596.10 
596.20 
596.30 
596.40 
596.50 
596.60 
596.70 
596.80 
596.90 
597.00 
597.10 
597.20 
597.30 
597.40 
597.50 
597.60 
597.70 
597.80 
597.90 0 598.00 
598.10 
598.20 
598.30 
598.40 
598.50 
598.60 
598.70 
598.80 
598.90 
599.00 
599.10 
59920 
599.30 
599.40 
599.50 
599.60 
599.70 
599.80 
599.90 

600.000 
600.100 
600.200 
600.300 
600.400 
600.500 
600.600 
600.700 
600.800 
600.900 
601.000 
601.100 
601 200 
60122 

0.001 
0.002 
0.005 
0.008 
0.01 1 
0.014 
0.01 7 
0.021 
0.024 
0.027 
0.030 
0.033 
0.039 
0.045 
0.051 
0.057 
0.063 
0.069 
0.075 
0.081 
0.087 
0.093 
0.101 
0.108 
0.116 
0.124 
0.131 
0.139 
0.147 
0.155 
0.162 
0.170 
0.176 
0.165 
0.193 
0.201 
0.208 
0.216 
0.224 
0.232 
0.239 
0.247 
0.255 
0.262 
0.270 
0.278 
0.285 
0.293 
0.301 
0.309 
0.316 
0.324 
0.333 
0.341 
0.350 
0.359 
0.367 
0.376 
0.385 
0.394 
0.402 
0.411 
0.421 
0.432 

0.600 
0.000 
0.002 
0.004 
0.005 
0.007 
0.009 
0.01 1 
0.012 
0.014 
0.016 
0.018 
0.024 
0.030 
0.037 
0.043 
0.049 
0.055 
0.062 
0.068 
0.074 
0.081 
0.094 
0.107 
0.120 
0.133 
0.146 
0.160 
0.173 
0.186 
0.199 
0.212 
0.233 
0.254 
0.275 
0.296 
0.316 
0.337 
0.358 
0.379 
0.400 
0.421 
0.449 
0.478 
0.506 
0.535 
0.563 
0.592 
0.621 
0.649 
0.678 
0.706 
0.743 
0.780 
0.816 
0.853 
0.890 
0.927 
0.963 
1 .ooo 
1.037 
1.074 
1.120 
1.166 
1.175 

0.000 
O.OO0 
87.120 
174.240 
21 7.800 
304.920 
392040 
479.160 
522720 
609.840 
696.960 
784.080 
1045,440 
1306.800 
161 1.720 
1873.080 
2134.440 
2395.800 
2700.720 
2962.080 
3223.440 
3526.360 
4094.640 
4660.920 
5227.200 
5793.480 
6359.760 
6969.600 
7535.880 
8102.1 60 
8668.440 
9234.720 
10149.480 
11064.240 
11979.000 
12893.760 
13764,960 
14679,720 
15594.480 
16509.240 
17424.000 
18338.760 
19558.440 
20821.680 
22041.360 
23304.600 
24524.280 
25787.520 
27050.760 
28270.440 
29533.680 
30753.360 
32365.080 
33976.800 
35514.960 
371 56.680 
38768.400 
40380.120 
4 1948.280 
43560.000 
45171.720 
46783.440 
48787.200 
50790.960 
51200.000 

0.00 
0.00 
87.12 
87.12 
43.56 
87.12 
87.12 
87.12 
43.56 
87.12 
87.12 
87.12 

261.36 
261.36 
304.92 
261.36 
26 1.36 
261.38 
304.92 
261.36 
261.36 
304.92 
566.28 
566.26 
566.26 
566.28 
566.28 
609.84 
568.28 
566.28 
566.28 
566.28 
914.76 
914.76 
914.76 
9 14.76 
871.20 
914.76 
914.76 
914.76 
914.76 
914.76 
1219.68 
1263.24 
1219.68 
1263.24 
1219.68 
1263.24 
1263.24 
1219.68 
1263.24 
1219.68 
1611.72 
161 1.72 
1568.1 6 
161 1.72 
161 1.72 
1611.72 
1568.16 
1611.72 
1611.72 
1611.72 
2003.76 
2003.76 
409.04 

0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.600 
0.900 
1.000 
1.100 
1.200 
1.300 
1.400 
1 so0 
1.600 
1.700 
1.600 
1.900 
2.000 
2100 
2200 
2.300 
2400 
2500 
2.600 
2.700 
2.800 
2.900 
3.000 
3.100 
3.200 
3.300 
3.400 
3.500 
3.600 
3.700 
3.800 
3.900 
4.000 
4.100 
4.200 
4.300 
4.400 
4.500 
4.600 
4.700 
4.800 
4.900 
5.000 
5.100 
5.200 
5.300 
5.400 
5.500 
5.600 
5.700 
5.800 
5.900 
6.000 
6.100 
6.200 
6.300 
6.400 
6.420 

0.012 
0.012 
0.01 2 
0.013 
0.013 
0.014 
0.014 
0.014 
0.015 
0.015 
0.015 
0.016 
0.016 
0.017 
0.017 
0.01 7 
0.018 
0.018 
0.019 
0.019 
0.019 
0.020 
0.020 
0.020 
0.021 
0.021 
0,022 
0.022 
0.022 
0.023 
0.023 
0.023 
0.024 
0.024 
0.025 
0.025 
0.025 
0.026 
0.028 
0.027 
0.027 
0.027 
0.028 
0.028 
0.028 
0.029 
0.029 
0.030 
0.030 
0.030 
0.031 
0.031 
0.031 
0.032 
0.032 
0.033 
0.033 
0.033 
0.034 
0.034 
0.035 
0.035 
0.035 
0.038 
0.036 

25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 
425 
450 
475 
500 
525 
550 
575 
600 
625 
650 
675 
700 
725 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
I500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

0.0019206 0.8620557 0 
0.0039676 1.7806397 0 
0.0061403 2.759519 14188.308 
0.0084389 3.7873924 10323.582 . , 

0.0108635 4.875561 1 4009.7391 
0.0134141 6.020258 6494.6479 
0.0160906 7.2214832 5414.3249 
0,0188931 8.4792366 46112 
0.0218216 9.7935183 1996.1905 
0.024876 11.164328 3502.1772 

0.0280563 12591666 3105.1852 
0.0313626 14.075533 2777.8313 
0.0347948 15.615927 7511.457 
0.0383531 17.21285 6814.5813 
0.0420372 18.866302 7253.573 
0.0458473 20.576281 5700.6593 
0.0497834 22342789 5249.6431 
0.0538454 24.165824 4853.8947 
0,0580334 26.045389 5254.216 
0.0623473 27.981481 4192 
0.0667672 29.974102 3913.3239 
0.0713531 32.02325 4273.3981 
0.0760448 34.128927 7446.6584 
0.0808626 36.291 133 70029907 
0.0858063 38.509866 6599.5156 
0.090876 40.7651 28 6231.3514 
0.0960716 43.116918 5894.3559 
0.1 0 13931 45.505237 60 14.6087 
0.1068406 47.950083 5300,2299 
0.1 124141 50.451 458 5037.4454 
0.1143034 51.299382 4954.1818 
0.1161927 52147305 4873.626 
0.1 180821 52995229 7746.816 
0.1 199714 53.843153 7624.8189 
0.1218607 54.691076 7506.6047 
0.12375 55.539 7392 

0.1256393 56.386924 6934.1353 
0.1275286 57.234847 7172.9778 
0,1294179 58.082771 7068.2628 
0.1313073 58.930695 6966.5612 
0.1331966 59.778618 6867.7447 
0.1350859 60.626542 6771.6923 
0.1369752 61.474466 8904.3862 
0,1388645 62.322389 9096.9252 
0.1407538 63.170313 6665.3423 
0.1426431 64.018237 8855.947 
0.1445324 64.86616 8438.7974 
0.1464218 65.714084 8627.4065 
0.1483111 66.562008 8517.5032 
0.1502004 67.409931 8120.3522 
0.1520897 68.257855 8305.8882 
0.153979 69.105779 7921.0798 
0.1558683 69.953702 10340.267 
0.1577576 70.801626 10216.431 
0.1596469 71.64955 98226746 
0.161 5363 72497473 9977.4503 
0.1634256 73.345397 9862.104 
0.1653149 74.193321 9749.3943 
0.1672042 75.041244 9378.71 19 
0.1690935 75.889166 9531.5307 
0.1709828 76.737092 9426.2099 
0.1728721 77.58501 5 9323.1 91 3 
0.1747615 76.432939 11465.686 
0.1766508 79.280863 11343.059 
0.1777844 79.789617 2300.7649 

- 4 6 6 4  

GQ 1342-1 7.2 
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Subsite Volume Table: 
cut 

Subsite Stratum Surf1 Surf2 yards 
Net  

yards yajds 

STAGE-1 E I I 

41 091 0 vo118 stg le  imp67 41001 (F) 

CELL 7 CATCHMENT (STAGE I) 
TO 

CELL 7 FULL CAPACIN 
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- PROJECT NO. GQ1342--1 7.27FkURE NO. 
DOCUMENT NO. - FILE NO. F01- VO18 
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29004 29004 (F) 

CELL 7 (STAGE II) 
TO 

CELL 7 (FULL) 
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Fernald Cells 6-7 Stage I (Task 17.4) 
Prepared by GeoSyntec Consultants 

Type II 24-hr Rainfall=4.70” 
Page 12 

1 /22/2002 HydroCAm 6.00 d n  000929 0 1986-2001 Applied Microcomputer Svstems 

- 4 6 6 4  Reach 4R: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 

8 11.96 hrs, Volume= 2.272 af 
Outflow = @? 11.96 hrs, Volume= 2.272 af, Atten= O%, Lag= 0.0 min 
Inflow . = 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach 4R: Dummy Reach 

. .  



ZqTu0.L 
LZq&3f& /I6 b f /jr 

Type lI 24:hr Rainfall=4.70" 
Page 8 

1 /22/2002 

Fernald Cells 6-7 Stage II (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Reach 4R: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 

Inflow . = 30.67 cfs 8 11.94 hrs, Volume= I .387 af 
Outflow = -1Cfs(@ 11.94 hrs, Volume= I .387 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach 4R: Dummy Reach 
I Hydrograph Plot 

I Inflow 
I Outflow n 



NQ- zqT&\c, 'L 
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Fernald Cells 6-7 Stage I (Task 17.4) 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type l I  24:hr Rainfall=4.70" 
Page 14 

1 /22/2002 D 
Pond 1P: Detention Pond 

- -  4664 
Inflow = 90.33 cfs @ 11.94 hrs, Volume= 4.481 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

I m I  Storage= 4.480 af 
ug- ow e en ion time= (not calculated) 

. StoFage and wetted areas determined by Prismatic sections 

Elevation 
(feet) 

587.80 
588.00 
589.00 
590.00 
592.00 
594.00 
596.00 
598.00 
600.00 
603.00 

Surf. Area 
(acres) 

0.000 
0.078 
0.1 72 
0.308 
0.673 
0.888 
1.037 
1.1 52 
1.267 
1.441 

Inc.Store 
(acre-feet) 

0.000 
0.008 
0.125 
0.240 
0.981 
1.561 
1.925 
2.1 89 
2.41 9 
4.062 

Cum.Store 
(acre-feet) 

0.000 
0.008 
0.133 
0.373 
1.354 
2.91 5 
4.840 
7.029 
9.448 
13.51 0 

B Pond 1P: Detention Pond 

\ 

Inflow 1. 0"tfiOW~ 
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Fernald Cells 6-7 Stage II (Task 17.4) 
Prepared by GeoSyntec Consultants 

Type lI 24-br Rainfall=4.70" 
Page 10 

1 /22/2002 D HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Pond 1 P: Detention Pond 

Inflow = 55.1 7 cfs @ 11.92 hrs, Volume= 2.593 af 
Outflow = 0.00 cfs 8 0.00 hrs, ,Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

- 4 6 6 4  

Routi,ng by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

I Peak Elev= 599.82'1 Storage== 2.592 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation 
(feet) 

587.80 
588.00 
589.00 
595.00 
596.00 
598.00 
600.00 
602.00 
603.00 

Surf.Area 
(acres) 

0.000 
0.01 2 
0.030 
0.165 
0.223 
0.430 
0.824 
1.285 
1.441 

Inc.Store 
(acre-feet) 

0.000 
0.001, 
0.021 
0.585 
0.194 
0.653 
1.254 
2.109 
1.363 

Cum.Store 
(acre-feet) 

0.000 
0.001 
0.022 
0.607 
0.801 
1.454 
2.708 
4.817 
6.180 

Pond 1P: Detention Pond B 

~ -- 

l ime (hours) 
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Fbr Contech Corrugated Steel Pipe (Manning’s Formula) 
- - -  4 6 6 4  

*Tests on helically corrugated pipe 
demonstrate a lower coefficient of 
roughness than for annually corru- 
gated steel pipe when there is a 
significant amount of helix or spiral in 
the pipe. For a given diameter, the 
greater the angle of helix, the less the 
friction factor. For a given helix, the 
grater the diameter, the less friction 
factor. 

For additional information refer to the 
references listed below. 

The values in the above table are 
based on standard helical pipe man- 
ufactured from a 24-inch net width 
strip of steel. . .  . 

1. Silberman, Edward, “Effect of 
Helix Angle on flow in Corrugated 
Pipes” Journal of the Hydraulics Divi- 
sion, ASCE, Vol. 96, No. HYll, Nov., 
1970, pp. 2253-2263. 

2. Handbook of Steel Drainage and 
Highway Construction Products, AIS1 
(New York, N.Y., 1983), p. 185. 

3. Webster, M.J. and Metcalf, L.R., 
“Friction Factors in Corrugated Metal 
Pipe,” Journal of the Hydraulics Divi- 
sion, ASCE, Vol. 85, No. HY9, Proc. 
Paper 2148, Sept., 1959, pp- 35-67. 
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Culvert Calculator Report , 

Fernald Phase V - IRCA Culvert 
2u Tm ,.l 

shye 2- 
Solve For: Headwater Elevation B 

Culvert Summary 

Allowable HW Elevation 603.00 n Headwater DepthRleight 1.35 
Computed Headwater Elevz 601.05 ft Discharge 46.30 cfs 
Inlet Control HW Elev. , 601.05 f t  Tailwater Elevation 595.63 ft 
Outlet Control HW Elev. 600.95 n Control Type Inlet Control 

Grades 
~ ~~ 

Upstream Invert 
~ 

597.00 n Downstream Invert 596.00 n 
Length 1oo.00 n Constructed Slope o.oioooo fvn 

Hydraulic Profile 
~~ 

Profile M? Depth, Downstream 2.22 ft 
Slope Type Mild Normal Depth 2.36 ft 
Flow Regime Subcritical Critical Depth 2.22 ft . -- 
Velocity Downstream 8.27 ft/s Critical Slope 0.01 1509 fvft 

Section 
~~ 

Section Shape Circular Mannings Coefficient 0.01 8 
Section Material CMP Span 3.00 n 
Section Size 36 inch Rise 3.00 n D Number Sections 1 

Outlet Control ProDerties 

Outlet Control HW Elev. 600.95 ft Upstream Velocity Head 0.94 ft 
Ke 0.70 Entrance Loss 0.66 ft 

Inlet Control ProDerties 

Inlet Control HW Elev. 601.05 ft Flow Control Transition 
Inlet Type Mitered to slope Area Full 7.1 ft2 
K 0.02100 HDS 5 Chart 2 
M 1.33000 HDS 5 Scale 2 
C 0.04630 Equation Form 1 
Y 0.75000 

000116 

Project Engineer: Ganesh Gopalakrishnan 
CulvertMaster v2.0 [2.005] untitled.cvrn Geosyntec Consultants 

12/13/01 11:00:55 AM 0 Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 Page 1 of 1 



Myb- Z t i T & O L  Culvert Calculator Report 
Fernald Phase V - IRCA Culvert 

Sotve For: Headwater Elevation B 
Culvert Summary 

Allowable HW Elevation 603.00 ft Headwater DeptMHeight 1.24 
Computed Headwater Elew 600.72 ft Discharge 30.67 cfs 
Inlet Control HW Elev. 599.82 n Tailwater Elevation 599.82 ft 
Outlet Control HW Elev. 600.72 ft Control Type Outlet Control 

Grades 

Upstream Invert 597.00 n Downstream Invert 596.00 ft 
Length 100.00 ft Constructed Slope 0.010000 nJft 

Hydraulic Profile 

Profile PressureProfile Depth, Downstream 3.82 ft 
Slope Type NIA Normal Depth 1.74 ft 
Flow Regime NIA Critical Depth 1.80 ft -- 
Velocity Downstream 4.34 Ws Critical Slope o.009054 wft 

Section 

Section Shape Circular Mannings Coefficient 0.01 8 
Section Material CMP Span 3.00 n 
Section Size 36 inch Rise 3.00 n B Number Sections 1 

Outlet Control Properties 

Outlet Control HW Elev. 600.72 ft Upstream Velocity Head 0.29 ft 
Ke 0.70 Entrance Loss 0.20 ft 

inlet Control Properties 

Inlet Control HW Elev. 599.82 f t  Flow Control Unsubmerged 
Inlet Type Mitered to slope Area Full 7.1 ft2 
K 0.021 00 HDS 5 Chart 2 
M 1.33000 HDS 5 Scale 2 
C 0.04630 Equation Form 1 

Y 0.75000 

D 

4 6 6 4  

800117 
Project Engineer: Ganesh Gopalakrishnan 

untilled.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
Page 1 of 1 12/13/01 11:01:38 AM 8 Haeslad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 
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OSDF PHASE V, SURFACE-WATER MANAGEMENT SYSTEM B 
DESIGN AND POST-CLOSURE HYDROLOGY 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSES 

The purpose of this calculation package is to design the OSDF surface-water management 
(SWM) structures to be constructed as part of the Phase V development of the OSDF. These 
SWM structures are designed to satisfy the requirements of the Surface-Water Management and 
Erosion Control (SWMEC) Plan [GeoSyntec, 2002bl and the OSDF Design Criteria Package 
(DCP) [GeoSyntec, 2002al and are shown on the Construction Drawings. These requirements 
include those applicable to the OSDF ConstructionFilling period and the OSDF Post-Closure 
period (for permanent structures). Additionally, the adequacy of existing SWM structures is 
assessed where failure of these structures has the potential to impact the OSDF or where the 
development of the OSDF significantly impacts the runoff conveyed to these structures. 
Required modifications or additions to existing structures are incorporated into the Construction 
Drawings and this calculation package. Peak discharges from sedimentation basins are presented 
for post-closure conditions for use in future comparison of pre- and post-development runoff 
from watersheds in the FEMP to Paddy’s Run, which is outside the scope of Phase V 
calculations. Lastly, hydrologic analyses are presented for post-closure conditions and a 2-year- 
24-hour storm event for use in an evaluation of sedimentation potential of permanent channels in 
the calculation “Sedimentation Evaluation of Permanent Drainage Channels for High Frequency 
Design Storms”. 

D 

METHODS OF ANALYSES 

For the purpose of hydrologic analyses and routing through sedimentation basins (basins), 
the total drainage area is divided into two parts and modeled as the East OSDF and the West 
OSDF Design Scenarios. Both the East OSDF and West OSDF Design Scenarios presented 
herein consider the actual conditions anticipated to exist when all seven cells have been 
constructed, lined, and capped. This represents the “worst case” conditions for the period of 
Phase V construction. Design Case “A” represents a temporary channel and culvert at the 
southwest end of Cell 6 constructed as part of the SWM system for Cell 6. Neither the channel 
nor the culvert is incorporated into either of the OSDF Design Scenarios. 

For Phase V SWM structures (Le., new structures), analyses are performed to design 
channels, culverts, and a sedimentation basin. Channels and culverts are designed to safely 
convey peak flow rates from the 25-year, 24-hour storm event. Additional analyses are 
performed for the selection of channel lining (channel bed stability) and required height of cover B - 

phase V 
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over culverts (structural stability). The sedimentation basin, OSDF Basin 2 is considered 
adequate if it complies with the design criteria for the IO-, 2 5 ,  and IOO~year, 24-hour storm 
events, outlined in the DCP for construction, filling, and closure of the OSDF. 

Analyses for 25-year channels along the North, East, and West perimeters of the OSDF were 
previously performed as part of the OSDF Final Design Package [GeoSyntec, 1997~1. These 
channels have been constructed, or will be constructed as part of  Phases IV and V, consistent the 
OSDF Final Design Package; therefore, no analyses are performed as part of this Calculation 
Package to assess the adequacy of these channels. 

For existing SWM structures evaluated, analyses are performed to assess the adequacy of 
channels, culverts, and a sedimentation basin (basin). Channels and culverts are considered to be 
adequate if they have sufficient hydraulic capacity to convey peak flow rates from the 25-year, 
24-hour storm event. The sedimentation basin, Borrow Area Basin, is considered adequate if it 
complies with the performance criteria for the 25-year, 24-hour storm event, outlined in the DCP 
for development and restoration of the Borrow Area. 

Hydrologic and basin routing analyses are performed using methodologies presented in TR- 
20 [USDA-SCS, 19821 and TR-55 [USDA-SCS, 19861, as coded into the computer program 
HydroCADTM. Hydraulic analyses for channels are performed using Manning's equation as 
coded into a computer spreadsheet. Hydraulic analyses for culverts are performed using 
methodologies presented in USDOT [1985], as coded into the computer program 
CulvertMaster@. 

0 CONCLUSIONS 

All Phase V (i.e., new) channels, culverts, and OSDF Sedimentation Basin 2 are designed in 
accordance with the requirements of the SWMEC Plan [GeoSyntec, 2002bl and the DCP 
[GeoSyntec, 2002a], in particular as follows: 

New Channels 

Calculated peak flow velocities for channels (all .are grass-lined) are less than the 
permissible flow velocity of 5.0 fps. 
Calculated freeboards for channels equal or exceed the minimum required of 0.5 ft. 

Calculated headwater elevations at the inlet of culverts allow for 0.5 ft  or greater 
freeboard. 

New Ciilverts 

For all culverts cover provided at road crossings equal or  exceed the minimum required 
thickness of cover for structural stability. 

phase V 
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D OSDF Sedimentation Basin 2 

The minimum available storage volume exceeds the calculated runoff volume (10-year, 
24-hour storm event) and the calculated volume of 0.125 acre-Wyear per acre (disturbed 
upstream drainage area multiplied by the basin cleanout frequency). 

The calculated peak water elevation for the 25-year, 24-hour storm event is below the 
elevation of emergency spillway. 

0 The calculated peak water elevation for the 100-year, 24-hour storm event allows 1 ft of 
freeboard from the minimum embankment crest elevation. 

Existing channels, culverts, and the Borrow Area Sedimentation Basin (with modifications 
shown in the Construction Drawings) have adequate capacity to convey applicable design storm 
events, in particular as follows: 

Existing Channels 
Calculated freeboard for all channels equal or exceed the minimum required of 0.5 ft. 

Calculated headwater elevation at the upstream end of culverts allow for 0.5 ft or greater 
freeboard. 

Existing Culverts 

Borrow Area Sedimentation Basin 
The minimum available storage volume exceeds the calculated volume of 1,800 cubic ft 
per acre (total upstream drainage area multiplied by the basin cleanout frequency) within 
the drainage area that will be disturbed by construction during the designed life of the 
sediment basin. 

B 

The calculated peak water elevation for the 25-year, 24?hour storm event allows more 
than 1 ft freeboard from the minimum embankment'crest elevation. 

The required cleanout frequency for basins is one year per cleanout. 

, 
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OSDF PHASE V, SURFACE-WATER MANAGEMENT SYSTEM 

DESIGN AND POST-CLOSURE HYDROLOGY 

I 

PROCEDURES 

INTRODUCTION AND PURPOSE 

The major elements of the OSDF Phase V project include construction of the liner systems 

for Cells 6 and 7, and capping of Cells 3 ,4 ,  5,  6, and 7. These and other construction elements 

are listed in Table A-1 along with their relationships to the design scenarios assumed herein. The 

layout of the surface-water management (SWM) system is shown on Construction Drawings. 

The purpose of this Calculation Package is to evaluate the adequacy of OSDF SWM 

structures to be constructed as part of the Phase V development of the OSDF. Additionally, the 

adequacy of existing SWM structures is assessed. Required modifications or additions to 

existing structures are incorporated into the Construction Drawings and this Calculation Package. 

’ 
Analyses for channels along the North, East, and West perimeters of the OSDF for the 25- 

* year 24-hour storm event were previously performed as part of the OSDF Final Design Package 

[GeoSyntec., 1997~1. These channels have been constructed, or will be constructed as part of 

Phase V, consistent with the OSDF Final Design Package; therefore, no analyses are performed 

as part of this Calculation,Package to assess the adequacy of these channels. 

DESIGN CRITERIA 

The OSDF Phase V SWM system is designed to satisfy the requirements of the Surface- 

Water Management and Erosion Control (SWMEC) Plan [GeoSyntec, 2002bl and the OSDF 

Design Criteria Package (DCP) [GeoSyntec, 2002al. Applicable sections from the DCP 

[GeoSyntec, 2002al include Section 2.8, Surfnce- Water Munagenzent, which contains 

requirements for the OSDF runon/runoff structures and Section 2.10.2.4, Surjuce- Water 

phase V 
- --- 

1/29/2002 



GEOSYNTEC CONSULTANTS PAGE L O F m  
Written by: Dater-eviewed by: %? Date: C/’ i&‘ d z  

Client: J ~ I K I L I ~ X ~ L ~ L  Project:_aSI1F Phnzr V Project No.:-G=Task  NO.:^ - 4 6 6 4  
Management for Borrow Area which contains requirements for the borrow area structures. 

These sections of the DCP are included as Attachment A-1. 

The design of Phase V structures includes analyses for channels and culverts and the OSDF 

Sedimentation Basin 2. The channels and culverts are designed to safely convey peak flow rates 

from the 25-year, 24-hour design storm event. Additional analyses are performed for the 

selection of channel lining (Le., channel bed stability), required height of cover over culverts 

(i.e., structural stability), and riprap design for inlet and outlet protection of culverts. The OSDF 

Basin 2 is considered adequate if it complies with the design criteria for the lo-, 25,  and 100- 

year, 24-hour design storm events, outlined in the DCP for construction, filling and closure of the 

OSDF. 

The assessment of existing structures includes analyses to assess the adequacy of channels, 

culverts, and the Borrow Area Sedimentation Basin. Channels and culverts are considered to be 

adequate if they have sufficient hydraulic capacity to convey peak flow rates from the 25-year, 

24-hour storm event. The Borrow Area Basin is considered adequate if i t  complies with the 

performance criteria for the 25-year, 24-hour storm event, outlined in the DCP for development 

and restoration of the Borrow Area. 

Peak discharges from sedimentation basins are presented for post-closure conditions. These 

discharges are for use in future comparison of pre- and post-development runoff from watersheds 

in the FEMP to Paddy’s Run, which is outside the scope of Phase V calculations. Also, 

hydrologic analyses are presented for post-closure conditions and a 2-year-24-hour storm event 

for use in an evaluation of sedimentation potential of permanent channels in the calculation 

. . .. 

“Sedimentation Evaluation of Permanent Drainage Channels for High Frequency Design 

Storms”. , 

DESIGN SCENARIOS 

The design of Phase V SWM structures, and assessment of hydraulic capacity for existing 

structures, is evaluated in this calculation package using two design scenarios, the East OSDF 

and the West OSDF Design Scenarios. Both the East and West OSDF Design Scenarios 

presented herein consider the actual conditions anticipated to exist when all seven cells have 
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D been constructed, lined, and= ;his represents the “worst case” conditions for the period 

of Phase V construction. In addition, both East and West OSDF Design Scenarios have been 

analyzed assuming post-development conditions in order to assess potential sedimentation 

problems from high frequency design storms and to estimate peak discharges from sedimentation 

basins. Design Case “A” represents system of existing and new channels and culverts at the 

southwest corner of Cell 6 constructed as part of the SWM system for Cell 6. Neither these 

channels nor these culverts are incorporated into either of the OSDF Design Scenarios. The East 

and West OSDF Design Scenarios, and Design Case “A” are further described in Table A-1, and 

below. 

East OSDF Design Scenarios 

A schematic layout of the SWM system represent d by the Eas OSDF Design Scenario is 

provided in Attachment A-2. The East OSDF Design Scenarios incorporate existing and new 

conditions, including the construction of Cell 6 and Cell 7 liner systems, the Cell 3, 4, 5,  6, and 7 

final cover systems, and the East run-off and runon channels which discharge to the Borrow Area 

Sedimentation Basin south of the OSDF. For this design scenario the Cell 1, 2, 3, 4, and 5 final 

cover systems are considered vegetated, the Cell 6 and 7 final cover systems are considered to be 

non-vegetated, and no cells are receiving impacted material. For the post-development design 

scenario all final cover systems are considered fully vegetated. 

’ 
All surface-water accounted for in  the East OSDF Design Scenarios will flow to the Borrow 

Area Sedimentation Basin. The Borrow Area Basin has been modified to reflect the final 

configuration of- the Borrow Area Sedimentation Basin as presented in the Borrow Area 

Management and Restoration Plan [GeoS yn tec, 200 I]. 

West OSDF Design Scenarios 

A schematic layout of the SWM system represented in the West OSDF Design Scenario is 

provided in Attachment A-2. The West OSDF Design Scenarios incorporate existing and new 

conditions, including the construction of Cell 6 and Cell 7 liner systems, the Cell 3, 4, 5 ,  6, and 7 

final cover systems, and the OSDF Sedimentation Basin 2. For this design scenario the Cell I ,  2, 

D 3, 4, and 5 final cover systems are considered to be vegetated, the Cell 6 and 7 final cover 
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B systems are considered n o n z r d :  and no cells are receiving impacted material. For the 

post-development design scenario all final cover systems are considered to be fully vegetated. 

All surface-water accounted for in the West OSDF Design Scenario will flow to the OSDF 

Sedimentation Basin 2. 

Design Case “A” 

A schematic layout of the SWM system represented in Design Case “A” is provided i n  

Attachment A-2. Design Case “A” incorporates temporary structures at the southwest end of the 

temporary termination for the Cell 6 liner system. Design Case “A” considers existing 

conditions in the construction laydown area to the south of the OSDF and includes runoff from 

the Cell 6 liner runout and areas south of the OSDF. None of these temporary structures are 

represented in either of the OSDF Design Scenarios. 

SOFTWARE 

Hydrologic and Basin Routing Analyses 

Surface-water runoff peak flow rates and other hydrologic and hydraulic information are 

estimated using the computer program HydroCADTM [HydroCADTM, 20011. This program uses 

hydrologic procedures presented in U.S. Soil Conservation Services’ TR-20 [SCS, 19821 and 

TR-55 [SCS, 19861. Hydrographs for individual subcatchments are routed through a user 

specified nodal network for each design scenario (see Attachment A-8), using standard 

hydrologic routing techniques. Runoff hydrographs from subcatchments are developed using 

input parameters which describe the storm event for which the calculation is being performed 

and characteristics of the subcatchment. Built-in subroutines allow the user to route the 

hydrographs through a sediment basin. The HydroCADT” Technical Reference Manual is 

provided as Attachment A-3. 

D 

Channel Hydraulic Analyses 

Hydraulic analyses for channels are performed using Manning’s equation, as coded into a 

computer spreadsheet. 
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B Culvert Hydraulic Analyses 

Hydraulic analyses for culverts are performed using methodologies presented in USDOT 

[ 19851, as coded into the computer program CulvertMaster@ [Haestad Methods, 20001. Built-in 

subroutines allow the user to perform calculations for inlet and outlet control. The 

CulvertMaster@ User's Guide [Haestad Methods, 20001 Theory Section is provided as 

Attachment A-4. 

HYDROLOGIC AND BASIN ROUTING ANALYSES 

Hydrologic and basin routing analyses are performed using HydroCADTM for 2-, lo-, 25, 

and 100-year, 24-hour storm events. Input parameters are presented in the Data Verification 

section of this calculation package. HydroCADTM output reports are presented in Attachment C- 

1 of the Calculation Section of this calculation package. Major input used in the HydroCADTM 

subroutines includes parameters for subcatchments, reaches, and basins. These parameters are 

introduced and calculation methods described in the following sections. 

Rainfall Distribution 

This parameter characterizes the assumed distribution of the design rainfall depth over a 24- 

hour duration and is selected based on the location of the Fernald site within the United States. 

Selection of this parameter is further described in the Data Verification section of this calculation 

package. 

Rainfall Depth 

This parameter is the total rainfall for a 24-hour design storm event. The design rainfall 

depths for return periods of 2, 10, 25, and 100 years are obtained as described in the Data 

Verification section of this calculation package. 

Hydrologic Soil Groups (HSG) 

This parameter classifies surficial soils at the site based on hydrologic characteristics, as 

presented in the Soil Surveys of Butler and Hamilton Counties, Ohio [USDA-SCS,'1980 and 

phase V 
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Hydrologic 
Soil Group 

C 

19921. The soil types and hydrologic soil groups found in the vicinity of the OSDF watershed 

are shown on a plan view of the OSDF area in Attachment A-5 [USDA-SCS, 1980 and 19921 

and soil hydrologic data in Attachment A-6 [USDA-SCS, 1980 and 19921. The soil names 

identified for the OSDF area and their respective HSG classification are summarized below. 

Miamian 

SCS Map 
Label 

C 

FcA, FdA 

Rda 

RwB2 

XeB, XeB2, XfA, XfB2 

MoE2 

Xenia 

An HSG classification of B/C is selected for the final cover system and for liner system 

runout areas. The final cover system and the liner system runout will be constructed using soil 

from the borrow area. Soil obtained from the borrow area includes B and C soils, with 

approximately 85% of the soil being classified as B. 

Runoff Curve Numbers (CNs) 

. .  

CNs are selected based on ground cover type, land use, cover condition, and HSG 

classification of site soils. A list of land use categories characterizing drainage areas for the 

Phase V SWM system is presented in the following table. This list is developed based on 

characterization of the ground cover and land use for anticipated runoff area conditions during 

and after Phase V construction. Land use categories are associated with TR-55 categories of land 

use and ground cover (See Attachment A-7 from [SCS, 19861) and are presented in the following 

table: 

phase V 
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Construction Phase Post-Development Phase I 
Land Use 

Description 
TR-55 Land Use/ 

Ground Cover 
Category 

TR-55 Land Use/ 
Ground Cover 

Category 
HSG HSG CN 

B 86 Non- 
vegetated 
final cover 
system and 
liner system 
runout 

C 91 Newly graded 
areas Not Applicable 

B/C 

B 

89 

79 B Open space in 
poor condition 
- corresponds to 
less than 50% 
mass - cover 

Open space in fair 
condition 
- corresponds to 
between 50% to 
75% mass cover 

69 

79 
Vegetated 
final cover 
system 

C 86 C 

B/C 83 B/C 74 

69 
Runon Areas 
East of the 
OSDF, Runon 
Areas North 
of the Borrow 
Area 
Borrow Area 
Runoff, 
Runon to 
Borrow Area, 
Vegetated 
Borrow Area 

B 69 B 
Pasture in fair 
condition 

Pasture in fair 
condition 

C 79 C 79 

B 61 B 61 
Pasture in good 
condition 

’ Pasture in good 
condition 

C C 74 74 

74 

n 

Construction 
support 
(Farmsteads - 
buildings, lanes, , 
driveways, and 

Bare Soil 

Grass in good 
condition 
- corresponds to 
over 75% grass 
cover 

B B 61 Areas 
Adjacent to 
the OSDF C 82 C 74 

S ubgrade C 87 Not Applicable 
~ 

Sedimentation 
basin (SB), 
direct runoff 
to SB, 
pavement 

/ 

Impervious 
surfaces 

Impervious 
surfaces 98 98 

II. 
BB -- 
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For areas indicated in the above table as having an HSG of “B/C”, the CN was calculated 

based on a 1:1 ratio of B and C soils. A weighted CN for each subcatchment (CNs-i) is 

calculated as a weighted average of CNs present within that subcatchment. The following 

equation is used, as coded into a spreadsheet: 

Where, Pi is the percentage of total subcatchment area with CNi. 

Subcatchment Time of Concentration 

The time of concentration for each subcatchment is calculated as the sum of the travel times 

for sheet, shallow concentrated, and channel flows, for a flow path from the most hydraulically 

distant location in the subcatchment to the outlet of the subcatchment. These calculations are 

performed within HydroCADTM using specified input parameters for flow regimes. Methods and 

equations used for these calculations are presented in the HydroCADTM Technical Reference 

Manual presented as Attachment A-3. Input parameters include the following: 

0 For sheet flow travel time: surface description or n = Manning’s roughness coefficient 

(dimensionless); L = flow length (ft); P = 2-year; 24-hour rainfall depth (inches); and S = 

land slope (rise/run). 

0 For shallow concentrated flow travel time: surface description; L = flow length (ft); and 

S = land slope (risehn).  

For channel flow travel time: L = flow length (feet); s = longitudinal slope (r isehn);  n = 

Manning’s roughness coefficient (dimensionless); D = flow depth (feet); W = bottom 

width (ft); and sideslopes (risehn).  

0 

Manning’s roughness coefficients (for sheet flow calculation referenced above) are selected 

based on a correlation of ground description to TR-55 surface descriptions [SCS, 19861, as 

shown in the following table: 

phase V 
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Ground Description Manning’s n for 
TR-55 Surface Description Sheet Flow 

Non-vegetated final cover system, 
liner system runout, pavement and 
s u bgrade 

support area, vegetated final cover 
system, runon area east of OSDF, 
runon area north of borrow area, 
borrow area runoff, and runon to 
borrow area 

Smooth surfaces (concrete, 0.01 1 
asphalt, gravel, or bare soil) 

A further description of input parameters for time of concentration computations is provided 

in the Data Verification section of this calculation. 

Hydrologic analyses, for estimation of peak flow rates and runoff volumes (for evaluation of 

SWM structures), are performed by routing the hydrographs for individual subcatchments 

through reaches. Reaches include channels and culverts, as described below. 

Channels 
J 

For hydrologic analyses, channel parameters are input into HydroCADTM based on 

. information from the Construction Drawings. Channels consist of either “V” or trapezoidal- 

shaped sections, with either grass or riprap lining. Input parameters include: ( i )  bottom width 

(ft); (ii) sideslopes (r isehn);  (iii) length (ft); (iv) longitudinal slope (r isehn);  (v) Manning’s 

roughness coefficient (dimensionless); and (vi) depth (ft). The adequacy of channels is assessed 

as described in a later section. 

Culverts 

For hydrologic analyses, culverts are input into HydroCADTbl as multiple 72-in. diameter 

pipes. Input parameters include: (i) length (ft); (ii) slope (rise/run); and (iii) Manning’s 

roughness coefficient (dimensionless). The culvert sizes selected i n  the computer model (i.e., 

llp 
llcl -- 
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) multiple 7241-1. dia. pipes) x z t i o u s  values used solely f o r z s e  of computation. Design of 

culverts (i.e., selection of size and number of pipes) is performed using the computer program 

CulvertMaster@ which uses peak flow rates obtained from hydrologic analyses and accepted 

methodologies described in a later section. 

Surface-water runoff is routed through individual basins for the scenarios noted below. 

OSDF Basin 2: routed as part of the West OSDF Design Scenario. 

Existing Borrow Area Basin: routed as part of the East OSDF Design Scenario. 

Routing through the basins is performed utilizing the Storage-Indication Method as coded 

into HydroCADTM. For the storage-indication method, the inflow runoff hydrograph at a basin 

and the stage-storage and stage-discharge relationships of the basin are utilized. 

The stage-storage relationship of a basin is developed in HydroCADTM using the Surface 

Area - Conic Volume Determination Method where cumulative storage is calculated based on 

areas within elevation contour lines from the outlet pipe invert elevation to the minimum 

embankment crest elevation. 

D 

The stage-discharge relationship of a basin is modeled in HydroCADTM using the size and 

inlet elevations of the principal spillway riser and outlet pipes and the size, shape, and inlet 

elevation of the emergency spillway. Principal spillways consist of vertical riser and horizontal 

discharge pipes. Riser pipes are modeled as sharp-crested weirs in  low flow conditions and as 

orifices in high flow conditions. Horizontal outlet pipes are modeled as culverts. Emergency 

spillways are modeled as broad-crested rectangular weirs. Also, the low-flow orifices (8-in. 

diameter) located at the bottom of the risers are neglected (conservatively) for this analysis. 

Additional information concerning development of stage-discharge relationships for these control 

structures is included in the HydroCADTb' Technical Reference Manual provided as Attachment 

A-3. 
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HYDRAULIC ANALYSES 

The design of new SWM structures and assessment of existing SWM structures includes 

hydraulic analyses for channels, culverts, and basins. Peak flow rates and runoff values from 

HydroCADTM output reports are utilized. 

The hydraulic capacity of each new and existing channel is evaluated for conveyance of peak 

flow rates from the 25-year, 24-hour design storm event. In addition for new channels, analyses 

are performed to evaluate lining stability. For the purpose of these analyses, channels are divided 

into segments of relatively uniform cross-section and longitudinal slope. 

Hydraulic Capacity 

The adequacy for the hydraulic capacity of channels is evaluated in terms of an available 

freeboard for peak flow rates. The available freeboard is calculated as the difference between the 

minimum available flow depth in the channel and the calculated peak flow depth (peak flow 

depth). The peak flow depth is calculated based on Manning's equation as coded into a computer 

spreadsheet. Manning's equation is as follows: 

B 

1.49 y y 
Q = - A R  3S02 

n 

Where, Q is the peak flow rate (cfs), n is Manning's roughness coefficient (dimensionless), A is 

cross-sectional area of flow (ft'), R is hydraulic radius (ft) defined as R = pL/p where P is wetted 

perimeter (ft), and So is longitudinal slope (rise/run). The minimum required freeboard (from the 

peak flow level to the level of overtopping of the channel sideslopes or nearby facility which 

would be adversely impacted if flooded) is 0.5 ft. The minimum available flow depth is obtained 

from the Construction Drawings. 

. .  
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B Channel Lining 

For each new channel, a peak flow velocity is calculated and compared to the permissible 

flow velocity for the selected channel lining. Permissible flow velocities for grass and riprap 

linings are c5 fps and <12 fps, respectively. Peak flow velocities are calculated based on 

Manning’s equation, using a computer spreadsheet. 

Sedimentation 

For each permanent channel, hydrology results for post-closure conditions and the 2-year7 

24-hour storm event are calculated for use in the Phase V calculation “Sedimentation Evaluation 

of Permanent Drainage Channels for High Frequency Design Storms”. 

The hydraulic capacity of each new and existing culvert is evaluated for conveyance of peak 

flow rates from the 25-year7 24-hour design storm event. New culverts will be helically 

corrugated metal pipe (CMP). Existing culverts include CMP, reinforced concrete pipe (RCP), 

polyvinyl chloride (PVC), asphaked corrugated metal pipe (CMPA), and high density 

polyethylene (HDPE) pipes. 

1 

Hydra~rlic Cupacity 

The adequacy of culverts is evaluated for inlet and outlet control conditions in terms of 

headwater elevation, using the computer program CulvertMaster@. An allowable headwater 

elevation is calculated as the overtopping elevation of the channel sideslopes or road crossing or 

the minimum elevation of a nearby facility which might be adversely impacted if flooded minus 

0.5 ft  freeboard. The higher of the inlet or outlet headwater elevations is taken as the controlling 

headwater elevation. 

The following input parameters are required: (i) material type and culvert shape; (ii) inlet 

configuration; ( i i i )  number of culverts and diameter (ft); (iv) length (f t ) ;  (v) inlet and. outlet invert 

elevations (ft MSL); (vi) 25-year, 24-hour peak flow rate (cfs); (vii) tailwater elevation; and (viii) B 
phase V 
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B overtopping .elevation. CulvertMaster@ does not include all diameters and inlet configurations, 

therefore characteristics are selected within the CulvertMaster@ program to best approximate 

those of the existing culvert. For the case of diameter, the closest diameter was used but no more 

than two inches larger than the existing diameter. For the case of inlet configuration, an inlet 

configuration with an entrance loss coefficient equal to that estimated for the actual inlet is 

selected. In cases where culverts discharge into well-defined channels, tailwater elevations will 

be assumed as the elevation of the normal flow depth in the downstream channel. 

Outlet Protection 

For each new temporary culvert, riprap outlet protection requirements are calculated to 

handle the 25-year, 24-hour storm event using a design chart from USDA-SCS [1987]. This 

design chart is presented in Attachment C-4B. For each new permanent culvert, outlet protection 

requirements are calculated to handle the 25-year 24-hour storm event using a design chart from 

the Ohio Department of Transportation [ODOT, 19921. This design chart is presented in 

Attachment C-4B and is also presented in ODNR [ 19961. Outlet protection is recommended in 

terms of downstream riprap length and average riprap particle size (d50). For the purposes of 

designing outlet protection, the flow depth just downstream of the culvert is assumed as less than 

one half the diameter of the culvert (i.e., a minimum tailwater condition). Criteria for the 

B 

selection of downstream riprap length and thickness are listed below. 

0 The downstream riprap length (at a culvert outlet) is based on the  appropriate design 

chart, but at a minimum will be four times the culvert diameter (hereafter referred to as 

“minimum riprap length”). 

0 If riprap is not required based on the appropriate design chart but the outlet velocity for 

the culvert is 5 fps or greater, the minimum riprap length is required. 

0 If riprap is not required based on the appropriate design chart and outlet velocity €or the 

culvert is less than 5 fps, no outlet protection is required. 

0 If the direction of discharge (Le., at culvert outlet) is not aligned with the longitudinal 

direction of the receiving channel, the minimum riprap length is required. - 
e-- 
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B 0 Riprap thickness as described in DCP (GeoSyntec, 2002a). 

Downstream channel peak flow depths are obtained from the results of hydrologic analyses. 

Where riprap is Outlet velocities are obtained from CulvertMaster@ output reports. 

recommended for outlet protection, inlet protection is also recommended. The upstream length 

is two times the culvert diameter with a d50 equal to that for the outlet protection riprap. 

Structural Stability \ 

For each new culvert, structural stability is evaluated. For culverts crossing roads used by 

heavy construction vehicles (off-highway vehicle road) a Caterpillar D400E articulated truck 

(D400E) [Caterpillar, 19981 is selected as the design vehicle. For culverts crossing roads used 

only by highway vehicles (on-highway road), an HS-20 axle load is selected for design. The 

design axle load for off-highway vehicle roads of 95 kips is for a fully loaded truck and the 

combination of both rear axles. The design axle load for on-highway vehicle roads of 32 kips 

corresponds to an HS-20 loading [ACPA, 19981. 

For CMP culverts, structural stability is evaluated using manufacturers guidelines [Contech, 

1999 - See Table in Attachment A-91 for unpaved roads. In accordance with these guidelines, 

the minimum required cover for culvert diameters of 42 in. and less for off-highway and on- 

highway vehicle roads is 3.0 ft and 2.0 ft, respectively. 

b 

Existing and new basins are evaluated for handling runoff from applicable design storm 

events. A cleanout frequency of once per year is assumed consistent with the SWMEC Plan. 

OSDF Sedimentation Basin 2 (See DCP Section 2.8 in Attachment A - I )  

The available minimum storage volume (below the principal spillway inlet elevation) 

should exceed the calculated runoff volume from the IO-year, 24-hour design storm 

event and the calculated volume of 0.125 acre-ft per year per acre (disturbed upstream 

drainage area multiplied by the basin cleanout frequency). Total drainage area is 

\ 

conservatively used in place of disturbed upstream drainage area. 
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The principal spillway should discharge runoff from the 25-year, 24-hour design storm 

event with no flow entering the emergency spillway. 

The principal and emergency spillways should discharge runoff from the 100-year7 24- 

hour design storm event, allowing for 1 ft of freeboard from the minimum embankment 

crest elevation. 

B 

Borrow Area Sedimentation Basin (See DCP Section 2.10.2.4 in Attachment A-1) 

The available minimum storage volume should exceed the calculated volume of 1,800 cf 

per acre (total upstream drainage area multiplied by the basin cleanout frequency) within 

the drainage area that will be disturbed by construction during the design life of the 

sediment basin. 

The principal spillway should discharge runoff from the 25-year, 24-hour design storm 

event, allowing for I ft of freeboard from the minimum embankment crest elevation, 

In addition, both the OSDF Sedimentation Basin 2 and the Borrow Area Sedimentation Basin 

are evaluated to determine peak discharges for the post-development 25-year, 24 hour storm 

event. This analysis assumes that the basins remain unchanged after the closure of the  OSDF. 

These peak discharges are for use in a future comparison of pre- and post-development runoff 

B 
from watersheds in the FEMP to Paddy's Run, which is outside the scope of Phase V 

calculations. 

phase V 
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ACPA. Concrete Pipe Handbook. American Concrete Pipe Association, Irving, Texas, 1998. 

Caterpillar. Caterpillar Performance Handbook. Caterpillar Inc., Peoria, Illinois, October 1998. 

Contech. Corrugated Steel Pipe and Pipe Arch. Contech Construction Products, Inc., Middleton, 
Ohio, 1999. 

GeoSyntec Consultants. OSDF Borrow Area Management and Restoration Plan, United States 
Department of Energy, Femald Environmental Management Project, Fernald, Ohio, 
prepared by GeoSyntec Consultants, August 200 1. 

GeoSyntec Consultants. OSDF Final Design Criteria Package, United States Department of 
Energy, Fernald Environmental Management Project, Femald, Ohio, prepared by 
GeoSyntec Consultants, 2002a. 

GeoSyntec Consultants. OSDF Final Design Package, United States Department of Energy, 
Fernald Environmental Management Project, Fernald, Ohio, prepared by GeoSyntec 
Consultants, May 1997c. 

GeoSyntec Consultants. OSDF Surface- Water Management and Erosion Control Plan, United 
States Department of Energy, Fernald Environmental Management Project, Fernald, 
Ohio, prepared by GeoSyntec Consultants, May 2002b. 

B 
Haestad Methods. Users Guide, CulvertMaster@ for Windows, Version 2.0. Haestad Methods, 

Inc., Wateibury, Connecticut, 2000. 

HydroCAD. HydroCADrM, Stormwater Modeling System, Version 6.0. Applied Microcomputer 
Systems, Chocorua, New Hampshire, 2001. 

Ohio Department of Natural Resources (ODNR), “Rainwater and Land Development: Ohio’s 
Standards for S torrnwater Management, Land Development and Urban Stream Protection, 
Second Edition”, ODNR Division of Soil and Water Conservation, Columbus, Ohio, 
1996. 

Ohio Department of Transportation. ODOT Location and Design Maniiul, 1992, 

U.S. Department of Agriculture (USDA-SCS). Urban Hydrology for Small Watersheds, 
Technical Release 55 (TR-55). 2nd ed. Washington, D.C., Soil Conservation Service, 
1986. 

U.S. Department of Agriculture (USDA-SCS). Technical Release Number 20 (TR-20), Soil 
Conservation Service, 1982. 
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Agriculture (USDA-SCS). Soil Survey of Hamilton County, Ohio, Soil 
Service, in cooperation with Ohio Department of Natural Resources and 

Ohio Agricultural Research and Development Center,-August 1992. 

U.S. Department of Agriculture (USDA-SCS). Soil Survey of Butler County, Ohio, Soil 
Conservation Service, 1980. 

U.S. Department of Agriculture (USDA-SCS). Water Management and Sediment Control for 
Urbanized Areas, Soil Conservation Service, Washington. D.C., 1987. 

U.S. Department of Transportation (USDOT). Hydraulic Design of Highway Culverts - 
Hydraulic Design Series No. 5, Federal Highway Administration, McLean, Virginia, 
1985. 
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TABLE A-1 

Development Design 

10 I 1  12 13 18 19 20 Reaches 5.6 

I Reach 27 I Reach 12 I Reach 27 I Reach 12 
Existing Culverts io bc 

, Replaced wiih New 
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ATTACHMENT A-1 

DCP SECTIONS 2.8 AND 2.10 
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DCP SECTION 2.8 
SURFACE-WATER MANAGEMENT 
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2.8 Surface-Water Management 

2.8.1 Categories of Surface Water 

Surface-water management for the OSDF must consider three categories of surface 
water: 

0 surface-water runon from outside the battery limit to within the battery limit; 

surface-water runoff, which includes all runoff from disturbed areas within the 
battery limit, except for wastewater explicitly identified below; and 

wastewater, which includes all waters that must be contained, collected, and 
'conveyed to the biosurge lagoon or the FEMP former production area storm 
drainage control system. 

Wastewater generated as a result of development of the OSDF area includes: 

leachate and runoff from impacted material .within the OSDF; these 
wastewaters will, be contained in the OSDF, allowed to percolate into the 
leachate collection system, and then conveyed by gravity through the leachate 
collection system pipe to the OSDF EPLTS (as discussed in Section 2.5 of this 
DCP). Surface-water collected in the OSDF cell catchment area may be 
conveyed to the FEMP former production area storm drainage control system or 
other on-site wastewater collectiodconveyance point acceptable to DOE and 
OEPA/USEPA. 

runoff from impacted-material staging areas; these are self-contained units; 
liquid generated in these units will be conveyed to the FEMP former production 
area storni drainage control system, or other on-site wastewater 
collectiodconveyance point acceptable to DOE and OEPAAJSEPA; 
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0 runoff from impacted-material haul roads; this water will be contained, 

collected, and conveyed to the FEMP former production area storm drainage 
control system, or other on-site wastewater collectiodconveyance point 
acceptable to DOE and OEPAAJSEPA; and 

perched ground water that seeps into excavations; this water will be contained, 
collected, and conveyed to the FEMP 'former production area storm drainage 
control system, or other on-site wastewater collectiodconveyance point 
acceptable to DOE and OEPAAJSEPA. 

The remainder of this section of the DCP presents design criteria for management 
of  s tormwa ters and wastewaters. 

2.8.2 General Design Criteria 

The functions of the surface-water management system are to: (i) route surface 
water to designated locations where it can be appropriately managed; (ii) protect the 
OSDF from damage caused by precipitation and surface-water runon and runofc and 
(iii) discharge surface water to existing watercourses in accordance with applicable 
regulatory and DOE requirements. 

The surface-water management system should perfom in a manner that meets the 
project requirements for both temporary conditions (i.e., during construction, filling, 
and closure of the OSDF) and long-term conditions (i.e., after closure of the OSDF). 
The system should prevent surface-water runon *to the OSDF and uncontrolled 
stormwater and wastewater runoff fiom the OSDF. Features of the permanent surface- 
water management system should be designed to require minimal monitoring and 
maintenance. The system should be integrated, to the extent possible, with existing 
topography, features, and facilities (design considerations). 

2.8.3 Surface-Water Management During OSDF ConstructiodFillingKlosure 

A. Design Criteria 

Temporary surface-water control structures for the OSDF will be designed for 
the 25-year, 24-hour storm event (ARAR: EPA 40 CFR 5258.26 and OAC 
3745-27-08(C)(6)(a) and (b)). For the FEMP property, this event has a rainfall 
intensity of 4.7 in. [Parsons, 1995aI. 
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Temporary surface-water control structures will be designed to minimize silting 
and scouring (ARAR: OAC 3745-27-08(C)(6)(c)). 

Temporary runon control measures should meet the following criteria (design 
considerations). 

Upgradient runon should be prevented from entering active working areas. 
Such runon should be diverted around work areas using berms, dikes, or 
channels as appropriate. This runon should not be allowed to mix with 
wastewater. 

Runon to temporary excavations should be prevented using berms, ditches, 
or other surface-water control features. 

Runon to impacted material stockpiles should be prevented using berms, 
ditches, or other surface-water control features. 

Prior to placement of impacted material into an OSDF cell, permanent 
runon controls must be in place. The requirements for permanent runon 
control are described in more detail in Section 2.8.4 of this DCP. 

0 Runoff from disturbed areas should be routed to the appropriate temporary 
sediment basin or managed using other appropriate erosion control practices. 
There must be no mixing of surface-water runoff and wastewaters (functional 
requirements). 

Temporary sediment basins will meet the following criteria of OEPA (ARAR: 0 

OAC 3 745-27-08(C)(6)(d)): 

the minimum acceptable basin storage will be established as the larger of 
the calculated runoff volume from a 10-year, 24-hour storm event, or, 0.125 
acre-ft per year (for each acre) of upgradient disturbed area) multiplied by 
the scheduled frequency of basin cleanout (in years) ((6)(d)(i)); for the 
FEMP property, the 10-year, 24-hour storm event has a rainfall intensity of 
4.1 in. [Parsons, 1995al; 

the principal spillway will be capable of safely discharging the flow from a 
IO-year, 24-hour storm event; the inlet elevation of the emergency spillway 
will be designed to provide flood storage, with no flow entering the 
emergency spillway during a 25-year, 24-hour storm event, with allowance 
provided for the flow passed by the principal spillway during the event 
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((6)(d)(ii)); as previously noted, for the FEMP property, the 25-year, 24- - 4 6 6 4  
hour storm event has a rainfall intensity of 4.7 in. [Parsons, 1995al; 

the combination of principal and emergency spillways should be capable of 
safely discharging the flow from a 100-year, 24-hour storm event; the basin 
embankment design should provide for no less than 1 ft of net freeboard 
when flow is at the design depth, after allowance for embankment 
settlement ((6)(d)(iii)); for the FEMP property, the 100-year, 24-hour storm 
event has a rainfall intensity of 5.6 in. [Parsons, 1995al; 

the basin will be constructed using a compacted soil liner, a geomembrane, 
or a combination thereof ((6)(d)(iv)); and 

sediment basins will be equipped with ring buoys and other safety/drowning 
equipment in accordance with USOSHA 1926.106. 

0 With respect to the last ARAR ((6)(d)(iv)), on 24 February 1992, the OEPA 
DSIWM issued the following guidance on the need for lining sediment basins: 

"The sole purpose of a liner in a sediment basin is water retention. 
Therefore, a design capable of ponding water, whether or not it 
contains a liner, will be acceptable to the Director. In areas with 
predominantly in-situ low permeability clay, a liner may be 
unnecessary (it would be wise to scarijj and recompact the clay 

The landfill engineer is responsible for  meeting the 
'pending" standard. In areas with more permeable soils a 
recompacted clay liner is necessary, but the QMQC standards can be 
minimal and certainly do not need to follow the lundjll liner 
standards. I' 

. ' su$ace). 

The foregoing requirement is interpreted as allowing the development of 
unlined sediment basins in the low-permeability tills underlying the FEMP. 
To assure compliance with the intent of this guidance, the construction 
specifications for sediment basins associated with the OSDF should require 
scarification and recompaction of the till exposed in the sediment basin 
excavation, and overexcavation of any observed granular soil zones, followed 
by backfilling with till and recompaction (design consideration). 

Surface-water runoff from the FEMP watersheds to the receiving water course 
(e.g., Paddys Run) should be discharged at a rate no greater than the 
predevelopment runoff discharge rate [ODNR, 19961 (design consideration). 
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0 Temporary channels for stormwater runoff should be designed to meet the 

following criteria (design considerations). 

Channel lining: 
peak flow velocity in riprap-lined channels should be less than 12 ft per 
second, unless it is demonstrated that greater velocities will not cause 
erosion or malfunction of the surface-water management feature; and 
peak flow velocities in grass-lined channels should be less than 5 ft per 
second. 

-0 

Channel sideslopes should be no steeper than 3 horizontal to 1 vertical. 

Channel bottom widths may be zero. 

The channel freeboard should be at least 0.5 ft under the design storm event. 

Channels should be sloped at no less than 0.5 percent to prevent sediment 
buildup and clogging, unless it can be established by calculation that a 
lesser slope will not clog or build up sediment that will cause loss of flow 
capacity in the design storm event. Channel slopes should be no steeper 
than 5 percent unless it can be established by calculation that a steeper slope 
will not cause unacceptable erosion or other malfunction. 

Temporary culverts should be designed according to the following criteria 
(design considerations). 

Culverts may be used in locations as needed and where cost-effective. 

Channels should be protected from erosion using riprap or erosion mats for 
a length of at least two culvert diameters upstream and a width of at least 
three culvert diameters of the culvert inlet. The length and width, of riprap 
lining and average particle size downstream of the culvert outlet should 
meet criteria for permanent outlet protection provided in USDA-SCS, 1987. 

Minimum thickness of riprap lining will be two times DSO, but not less than 
6 in. and will be underlain by geotextile filters. 

0 Riprap will be designed according to the following criteria (design 
considerations). 

For channel lining, riprap should be sized to meet the following criteria 
[ODNR, 19961; 
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** D-jo = 62.4 pcf x d x S/4 - 4 6 6 4  
where: Ds0 = theoretical spherical diameter of average stone size; 

d=peak flow depth for the design storm event (ft); and 
S = channel slope (rise/run). 

Riprap should meet the following particle size criteria [ODNR, 19961: 

D,,, = 1.5 x Dso 
D15 = 0.5 to 0.75 x DSO ** 

where: D,,, = theoretical spherical diameter of largest stone size; and D ~ S  
= theoretical spherical diameter of the stone size for which 

For channels, the minimum thickness of the riprap lining should be two 
times Ds0, but not less than 6 in. 

15 percent of the material is smaller. 

Riprap used at channel transitions should extend upstream and downstream 
of the transition a distance of five times the downstream channel depth; the 
minimum extension should be 15 ft. 

Geotextile filters may be used to control piping and erosion beneath riprap 
in temporary facilities. Granular soils should be used for filters in 
permanent structures containing riprap, if required to prevent undermining 
of the riprap. 

0 Rock, grade control structures should be designed according to the following 
criteria (design considerations). 

Rock, grade control structures may be used in temporary facilities. They 
should be designed in accordance with standard design procedures. 

The minimum height of rock, grade control structures should be 1.5 ft and 
the minimum top width should be 2 ft. 

0 Temporary erosion control measures should include the items listed below 
(design considerations). 

Runoff fiom all disturbed areas should be routed to sediment basins, or 
managed using other appropriate sediment control practices, prior to 
discharge to natural watercourses, except for wastewaters which should be 
managed as described in Section 2.8.5 of this DCP. 
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The size of any excavated or  disturbed area should be as small as possible 
to minimize the potential for erosion (design consideration). 
areas should be revegetated at the earliest possible time. 

Disturbed 

Temporary erosion control may be achieved using geosynthetic materials, 
vegetation, crusting agents, check dams, straw bales, silt fences, or other 
appropriate structures. 

The use of erosion control materials should be minimized in impacted soils 
requiring OSDF disposal. Preference should be given to runon control, 
surface ~ grading, and the selective use of erosion resistant impacted 
materials to control erosion of  impacted areas. 

Maintenance and upkeep procedures for temporary erosion control features 
should be specified in the Surface- Water Management and Erosion Control 
Plan. 

It is noted that surface-water routing and surface-water management system design 
for watercourses and structures beyond the battery limit will be addressed in other 
design packages being prepared as part of the integrated FEMP remediation. 

. .  . . . . .  B. Calculations 

Calculations should be performed to size the sediment basins for each contributory 
drainage area for each representative phase of the OSDF development. The calculations 
should be performed as described below. 

0 The amount of surface-water runon and runoff should be calculated for each 
contributory drainage area. 

0 The size of the drainage control structures (e.g., channels) should be calculated 
for each contributory drainage area. 

The size of the sediment basin, including outlet structures, should be calculated 
for each contributory drainage area. 

The above calculations should be performed using the design storm events 
previously identified. RunodRunoff routing and sediment basin sizing may be 
evaluated using the procedures described in USDA-SCS Technical Releases 20 and/or 
55 [USDA-SCS, 1975, 1986al; an acceptable tool for performing these calculations is 
the computer program “HydroCADTM Stormwater Modeling System“ [Applied 
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Microcomputer Systems, 19931. The above evaluations should be based on the 
information and guidance contained in USDA-SCS manuals [ 1985, 1986b, and 19881 
and ODNR [ 19961. 

Culverts should be sized in accordance with U.S. Federal Highway Administration 
guidelines [USDOT, 19851 and meet the structural design criteria contained in 
applicable design references such as the Concrete Pipe Design Manual [America 
Concrete Pipe Association, 19701. 

In the event that a channel bottom grade is less than 0.5 percent, an analysis should 
be performed to establish that the channel does not clog or build up sediment that will 
cause loss of flow capacity in the design storm event. 

2.8.4 Surface-Water Management After OSDF Closure 

A. Design Criteria 

0 Permanent runon control structures for the OSDF will be designed to limit 
interruption and damage (i.e., washout) of the OSDF in the 2,000-year, 24-hour 
storm event (design criterion for assumption of a DOE Performance Category 2 
facility). For the FEMP property, this event has a rainfall intensity of 13.0 in. 
[Parsons, 1995a-J. Runon should be controlled and diverted away from and 

, around the OSDF using channels or diversion berms (design consideration). 

0 Permanent runoff control structures for the OSDF will be designed to limit 
interruption and damage (i.e., washout) of the OSDF in the 2,000-year, 24-hour 
storm event (design criterion for assumption of a DOE Performance Category 2 
facility). 

Permanent runoff control measures should be designed according to the 
following criteria (design considerations). 

Runoff from the 2,000-year, 24-hour storm event should be allowed to sheet 
flow to the toe of the OSDF final cover. 

Runoff from the toe of the OSDF final cover should either sheet flow away 
fiom the facility or to a drainage channel beyond the toe. 

Any drainage channels beyond the OSDF final cover system toe should 
outlet to existing drainage features at the battery limit. The location of the 
outlets should progress from north to south concurrent with the progressive 
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development of the OSDF. The final outlet location for runoff from the 
eastern portions of the OSDF should be immediately south of the southern 
limit of the OSDF. 

0 Permanent drainage channels will be designed to meet the following criteria 
(design considerations). 

The dimensions of the channel should accommodate both normal low flows 
and peak precipitation runoff flows. 

The final grades of the channel should be no less than 0.5 percent to prevent 
sediment buildup and clogging, unless it can be established by calculation 
that a lesser slope will not clog or buildup sediment that will cause loss of 
flow capacity in the design storm event. Channel slopes should be no 
steeper than 5 percent unless it can be established by calculation that a 
steeper slope will not cause unacceptable erosion or other malhnction. 

Peak flow velocity in the channel should not initiate channel gully erosion 
or scour. 

Erosion potential should be minimized at channel transitions by utilizing 
smooth, rounded, and graded transitions wherever possible (prefened) and 
erosion control structures only when needed. 

Flow velocity in the channel during high frequency (e.g., 2-year return 
frequency) and low-intensity (ie., approximately 1 in.. in 24 hours) storm 
events should be large enough to limit sedimentation in the channels, to the 
ex tent possible. 

Channel sideslopes should be no steeper than 3 horizontal to 1 vertical. 

The freeboard in the drainage channel should be at least 0.5 fi during the 
design storm event. 

Permanent drop inlets and culverts may be used downgradient of the OSDF if 
necessary and if failure of the drop inlet and culvert would not result in damage 
to, or interruption of, the OSDF. Permanent drop inlets and culverts should be 
designed to meet the following criteria (design considerations). 

Culverts beneath roads or access corridors where traffic is limited to 
highway vehicles should be designed for American Association of State 
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Highway and Transportation Officials (AASHTO) HS-20 live loads and 
applicable dead loads. 

Culverts beneath haul roads or access roads used for construction traffic 
should be designed for vehicle live loads and applicable dead loads. 

Channels should be protected from erosion using riprap for a length of at 
least two culvert diameters upstream and a width of at least three culvert 
diameters upstream and downstream of the culvert inlet. The length and 
thickness of riprap lining and average particle size downstream of the 
culvert outlet should meet criteria for outlet protection provided in ODNR. 

Permanent culverts should not be used upgradient of the OSDF. 

Riprap, if needed, should be designed as described in Section 2.8.3 of this DCP 
(design consideration). 

0 Riprap should consist of field stone or rough unhewn quarry stone of 
approximately rectangular shape. The stone should be hard and angular and of 
a good quality, consistent with the UMTRA Technical Approach Document 
[DOE, 19891 (design consideration). 

0 Granular soils should be used as filters and bedding for permanent riprap 
features where necessary to prevent undermining of the riprap (design 
consideration). 

Rock grade control structures, if used, should be designed to meet the criteria 
listed in Section 2.8.3 of this DCP (design consideration). 

Surface-water runoff from watersheds in the FEMP to the receiving water 
course (e.g., Paddys Run) should be discharged at a rate no greater than the 
predevelopment runoff discharge rate [ODNR, 19961 (design consideration). 

0 

It is noted that surface-water routing and surface-water management system design 
for watercourses. and structures beyond the battery limit will be addressed in other 
design packages being prepared as part of the integrated FEMP remediation. 

B. Calculations 

Calculations should be performed to size the drainage channels for. each 
contributory drainage area. For these areas where a permanent drainage channel is not 
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needed, the amount of surface-water runoff should be calculated. The calculations that 
should be performed are described below. 

0 The amount of surface-water runon and runoff should be calculated for each 
contributory drainage area. 

The size of the permanent drainage chardel should be calculated for each 
contributory drainage area. 

The above calculations should be performed using the design storm events 
previously identified. Runodrunoff routing and sediment basin sizing may be 
evaluated using the procedures described in USDA-SCS Technical Releases 20 and 55 
[USDA-SCS, 1975, 1986al; an acceptable tool for performing these calculation is the 
computer program "HydroCADTM Storm water Modeling System 'I [Applied 
Microcomputer System, 19931. The above evaluations should be based on information 
and guidance contained in USDA-SCS manuals [ l985,1986b,1988]. 

- 

In the event that a channel bottom grade is less than 0.5 percent, an analysis should 
be performed to establish that the channel does not clog or build up sediment that will 
cause loss of flow capacity in the design storm event. 

The erosion resistance of the permanent drainage channel at the north and east toes 
of the OSDF should be evaluated as follows: 

0 obtain the allowable tractive force on the channel vegetation and topsoil using 
methoils established by Temple et al. [1987], as described in the DOE 
Technical Approach Document [ 19891 and referenced documents; 

0 , establish the actual tractive force on the channel vegetation and the "effective" 
tractive force on the channel topsoil using methods established by Temple et al. 
[1987], as described in the DOE Technical Approach Document [1989] and 
referenced documents; 

J 

0 determine the potential for erosion of the drainage channel by comparing the 
allowable tractive force on the topsoil to the "effective" actual tractive force on 
the topsoil; and 

0 evaluate the potential for the riprap portion of the channel lining to erode using 
the Safety Factors Method as described in the DOE Technical Approach 
Document [ 19891 and referenced documents. 
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2.8.5 Wastewater Management 

Wastewaters that will be encountered in development of the OSDF were identified 
in Section 2.8.1 of this DCP. These wastewaters should be managed as follows. 

Leachate - Liquid that has percolated through, or been released from, the 
impacted material that has been disposed in the OSDF (hnctional requirement). 
Placement of impacted material in OSDF cells will be performed such that 
runoff from active and open portions of a cell resulting from the 25-year, 24- 
hour storm event can be managed within the cell (ARAR: EPA 40 CFR 
$258.26 and OAC 3745-27-08(C)(6)(a)). Leachate should be managed as 
described in Section 2.5 of this DCP. 

Impacted Runoff- l+eep-#&Liquid that comes in contact with impacted I 
material and runs off rather than percolating. Impacted runoff collected in the 
cell catchment areas may be conveyed as described in this Section. An OMTA 
will be constructed for the staging of  impacted material for subsequent disposal 
in the OSDF. To the extent possible, the. Runoff from these areas should drain 
to surface-water control structures within the former production area storm 
drainage control system (design consideration). Runoff from any staging area 
located within the OSDF battery limit should also be directed to the FEMP 
former production area storm drainage control system if possible, or to other 
on-site wastewater collectiodconveyance points (if necessary) acceptable to 
DOE and OEPA/USEPA (design consideration). Additional discussion of the 
OMTA is presented in Section 2.11 of this DCP. Runoff from impacted 
material haul roads should be contained within the haul road boundary and 
allowed to flow by gravity to the FEMP former production area storm drainage 
control system, or to other on-site wastewater collectiodconveyance points (if 
necessary) acceptable to DOE and USEPNOEPA. Drainage control structure 
for impacted material haul roads should be designed for the 25-year, 24-hour 
storm event. (design consideration). 

Perched Ground Wuter - Perched ground water that enters the OSDF 
excavation should be collected in a toe drain, or other suitable sump, and 
pumped to the FEMP former production area storm drainage control system 
(including pumpage to the impacted-material haul road, where the water will be 
allowed to flow by gravity to the FEMP former production area storm drainage 
control system), or to other on-site wastewater collectiodconveyance points (if 
necessary) acceptable to DOE and OEPA/US EPA (design consideration): The 
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not wastewater; management of this latter runoff is discussed in Section 2.10 of 
this DCP. 

2.8.6 References 

FEMP property data and information required to design the surface-water 
management system should be obtained from the references cited in Section 1.5 of this 
DCP. References from the general technical literature that may be used to design these 
systems are given below. 

American Concrete Pipe Association, "Concrete Pipe Design Manual", Amencan 
Concrete Pipe Association, Arlington, VA, February, 1970. 

Applied Microcomputer Systems, "HydroCADTM Stormwater Modeling System", Version 
3.10, Chocorua, NH, 1993. 

Chow, V.T., "Open-Channel Hydratilics", McGraw-Hill, Inc., 1959. 

Department of Labor, OSHA Construction Standard, 29 CFR 1926.106 "Working Over or 
Near Water. " 

Femald Environmental Management Project, "Fluor Daniel Femald Safety Performance 
. Requirements Manual ", Rh4-002 1. 

Ohio Department of Natural Resources - Division of Soil and Water Conservation 
(ODNR), "Rainwater and Land Development", 2nd Edition, 1996. 

Parsons, "2,000-Year Flood and Probable Maximum Flood Sitewide Flood Plain 
Determination", CERCLARCRA Unit 2, Project Order 148, Femald Environmental 
Management Project, Rev. A, Fairfield, OH, August 1995a. 

Richardson, E.V., et al., 'lHighwa)>s in the River Environment - Hydraulic and 
Environmental Design Considerations, US. Department of Transportation, Available from 
Publications OfFce, Engineering Research Center, Colorado State University, Fort Collins, 
CO, 1975. 

Temple, D.M., Robinson, K.M., Ahring, R.M., and Davis, A.G., Stability Design of Gruss- 
Lined Open Channels", U.S. Department of Agriculture, Agriculture Research Service, 
Agriculture Handbook Number 667, 1987. 
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U S .  Department of Agriculture-Soil Conservation Service (USDA-SCS), "Computer 
Program for  Project Formulation, Hydrology", Technical Release 20 (TWO), US. 
Department of Agriculture, Soil Conservation Service, Washington, D.C., 1975. 

U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), "National 
Emergency Handbook, Section 4 - Hydrology", U.S. Department of Agriculture, Soil 
Conservation Service, Washington, D.C., 1985. 

US. Department of Agriculture-Soil Conservation Service (USDA-SCS), "Urban 
Hydrology for Small Watersheds", Technical Release 55 (TR55), US. Department of 
Agriculture, Soil Conservation Service, Washington, D.C., 2nd Edition, 1986a. 

U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), Engineering I 

Field Manual for Consewation Practices, U S .  Department of Agriculture, Soil 
Conservation Service, Washington, D.C., 1986b. 

U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), "Water 
Management and Sediment Control for Urbanizing Areas", U S .  Department of 
Agriculture, Soil Conservation Service, Washington, D.C., 1987. 

U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), Ponds - 
Planning, Design Construction, Agricultural Handbook Number 590, U.S. Department of 
Agriculture, Soil Conservation Service, Washington, D.C., November 1988. 

US. Department of Transportation (USDOT), "Hydraulic Design of Highway Culverts", 
Hydraulic Design Series No. 5, Federal Highway Administration, McLean, VA, 
September 1985. 

b 

US. Department of Energy (DOE), "Technical Approach Document, Revision If', 
Uranium Mill Tailings Remedial Action Project, December 1989. 

enhance the performance of, t truction, filling, closure, and post- 
closure care. As identified the support elements will include 
survey benchmarks c nt wash facility, materials 

achate transmission 
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2.10 Borrow Area 

2.10.1 General Design Criteria 

The function of the borrow area is to provide soil for construction of the liner and 
final cover systems, and for other earthwork, related to construction, filling, and closure 
of the OSDF. This consists of soil borrow for construction of the compacted clay liner 
and cap, vegetative soil layer, compacted fill, and other earthwork associated with the 
project. The topsoil layer in the borrow area will be removed and stockpiled for later 
use unless it is determined to be impacted material, in which case it should be disposed 
of in the OSDF in accordance with the Impacted Material Placement Plan (IMP Plan). 
The borrow area for OSDF construction is located in the "East Field" area of the FEMP 
property. This borrow area will be developed over a period of time from 7 to 25 years 
(depending on the actual schedule for OSDF construction, filling, and closure), with a 
IO-year design life used for planning purposes. AAer the borrow area is restored, i t  
should fimction with minimal maintenance. 

The borrow area should be developed in a manner that results in efficient utilization 
of the available soils, results in efficient utilization of the natural topography of the 
borrow area to effectively control runon and runoff, provides soils with the engineering 
properties required for the OSDF earthwork components being constructed, and 
minimizes the costs associated with the development and restoration of the area (design 
considerations). In addition to these requirements, the design of the borrow area should . 

consider the requirements described below (design considerations). 

B 

0 The borrow area should be laid out in a manner that provides easy ingress and 
egress. 

0 The area should be developed in a manner that requires minimal additional 
earthwork after borrow activities are complete to achieve the required 
restoration grades. 

0 The borrow area should be developed incrementally as soil is needed for 
construction of the OSDF. 

0 The size of disturbed borrow area should be minimized to the extent possible. 

Lnterim restoration should be performed progressively as excavation in each 
borrow area subarea is completed. 
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0 Erosion and sediment controls should be implemented in the borrow area - prior 4 6 4 4  
to excavation, during borrow activities, and in conjunction with restoration. 
activities. 

2.10.2 Specific Criteria 

2.10.2.1 Location of Borrow Area 

A. Design Criteria 

The borrow area should be locatec in an area having material quantities and 
types sufficient for OSDF construction, filling, and closure (design 
consideration). 

The borrow area should be located within the FEMP property and should not 
encroach on the transmission line, oil pipeline, or other easements (design 
consideration). 

The borrow area should not extend vertically into the gray till except as noted 
in the approved Borrow Area Strategy Report (Fluor Femald, Inc. 2000). The 
reasons for this are: (i) the efficiency of the borrow area operation will be 
improved by limiting the depth of excavation; and (ii) by limiting the depth of 
excavation, the restored borrow grades will be flatter and restoration of the area 
will be more cost effective. The borrow area should.be constructed with 
sufficient final slope to minimize erosion and support final restoration (design 
considerations). 

Within the above constraints, the borrow area should be as deep as possible to 
minimize the size of the area (design consideration). 

B. Calculations 

No formal calculation is required for the location of the borrow area. A review of 
past geotechcal  investigations and the results of ongoing laboratory testing of borrow 
area soil samples collected in November 1995 should be conducted to assess the 
engineering properties of the material and to predict the suitability of the materials for 
use as compacted clay liner and cap materials, as well as other earthwork components 
of the OSDF, as listed in Section 2.10.1. 
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I 

A. Design Criteria 

The borrow area should be laid out to facilitate surface-water management 
throughout the life of the borrow area (design consideration). 

The borrow area 'should be graded to promote surface-water runoff and prevent 
ponding of surface water (design consideration). 

The borrow area should be laid out to avoid interferences with roads, utility 
comdors, easements, etc. (design consideration). 

A soil contingency volume (equal to at least 15 percent of the required soil. 
badunbulked volume based on the design estimate) should be provided in the 
borrow area for possible use in (design consideration): 

construction of an OSDF contingency cell if disposal volumes are larger 
than anticipated; 

backfilling to subgrade elevations beneath the footprint of the OSDF in the 
event that additional excavation of impacted material is necessary; 

constructing portions of the contouring layer of the cover system and the 
non-granular portion of the protective layer of the liner system with "non- 
impacted'' soil; and 

b providing material for "seasonal" closure between construction seasons in 
the.evmt that suitable impacted soil is not available for this purpose. 

Intermediate borrow area slopes should be cut at a safe angle of repose for the 
material (design consideration). 

0 Permanent restored slopes within the borrow area should be no steeper than 
5H: 1 V (design consideration). 

As may be required, design will comply with OSHA requirements, 29 CFR 
1926 Subpart P-Excavations. 
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B. Calculations 
- $ 6 6 4  

A review of previous geotechnical field and laboratory test data, including brown 
ti l l  in-situ densities and moisture contents, standard Proctor compaction test results, and 
permeability test results should be made. The results of previous laboratory testing of 
borrow area soil should also be reviewed. The calculations described below should be 
undertaken in support of the design of the borrow area. 

The baMunbulked volume of borrow soil required to build the earthwork 
components of the OSDF described in 2.10.1 should be calculated. The 
calculation should be conducted using the required compacted earthwork 
volume of on-site borrow material. This required compacted earthwork volume 
should be corrected to account for shrinkagehulking of the borrow soil, the 
possible need for contingency volume, and the removal of the topsoil layer for 
stockpiling and later use as the topsoil layer in the OSDF final cover system. 

The bawunbulked volume of available borrow soil, as calculated using 
computed-aided design (CAD) techniques, should be verified by hand 
calculation. 

0 The in-situ moisture content of the soil at the borrow area should be compared 
to the anticipated compaction moisture contents for the various earthwork 
components of the OSDF liner and final cover systems to assess the 
construction water demand andor  amount of soil drying required to moisture 
condition the borrow soils. 

2.10.2.3 Development of Borrow Area 

A. Design Criteria 

0 The borrow area should be developed in a manner that produces consistent 
materials for construction of the OSDF and effectively utilizes the existing 
topography to control surface-water runoff and runon (design consideration). 

Requirements for processing of the borrow area soils should be identified 
during design. If possible, such processing should be perfonned in the borrow 
area or any temporary stockpile area. Such processing could include moisture 
conditioning, blending, screening, or admixture modification (design 
consideration). 
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0 Prior to the start of construction in the borrow area, the following activities 
should be performed (design considerations): 

establishment of temporary surface-water management and erosion and 
sediment controls for the borrow area, including sediment basins; 

establishment of access controls for the borrow area (consistent with the 
requirements of Section 2.9.2.6 of the DCP); and 

establishment of soil processing facilities (if any are needed). 

0 Prior to the start of borrow area development, topsoil in the area should be 
removed and stockpiled for later use for closure of the OSDF unless it is 
determined to be impacted material, in which case it should be disposed in the 
OSDF in accordance with the IMP Plan (design consideration). 

B. Calculations 

No' formal calculations are required for the development of the borrow area. 

2.10.2.4 Surface-Water Management for Borrow Area 

A. Design Criteria 
. , .  . 

, . .  

0 Temporary and permanent surface-water control structures for the borrow area 
with the exception of sediment basins, should be designed for the 25-year7 
24-hour storm event (design consideration). Depending on the size of the 
contributory area, sediment basins should be designed for either the IO-year, 
24-hour storm event, or the 25-year, 24-hour storm event [ODNR, 19961. This 
criterion is discussed further later in this section of the DCP. 

Surface-water runoff from the FEMP watersheds to the receiving water course 
(e.g., Paddys Run) should be discharged at a rate no greater than the 
predevelopment runoff discharge rate [ODNR, 19961 (design consideration). 

Surface-water runoff should be managed so that, after restoration of the borrow 
area, the effects of erosion of the borrow area ground surface are minimal. 
Long-term erosion of the ground surface in the borrow area must not impact the 
OSDF (design considerations). 
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- - 4 6 6 4  Temporary runon control structures should be implemented to minimize runon 
from entering work areas. Such runon should be diverted around work areas 
using diversion dikes or channels as appropriate (design consideration). 

Temporary channels for surface-water runoff should be designed to meet the 
criteria presented in Section 2.8.3 of the DCP (design consideration). 

Permanent channels should be designed to meet the criteria presented in Section 
2.8.4 of the DCP (design consideration). 

Culverts should be designed to meet the criteria presented in Section 2.8.4 o f  
the DCP (design consideration). 

Riprap should be designed to meet the criteria presented in Section 2.8.4 of  the 
DCP (design consideration). 

Sediment basins should meet the following criteria [ODNR, 19961 (design 
considerations). 

The minimum capacity of the sediment basin to the elevation of the crest of 
the pipe spillway should be 1,800 cubic fi for each acre within the drainage 
area that will be disturbed by construction during the design life of the 
sediment basin. 

The capacity of the pipe spillway should be sufficient to pass the runoff 
from the 2-year, 24-hour storm event. For the FEMP property, this event 
has a rainfall intensity of 2.5 in. [Parsons, 1995al. 

The combination of  the principal and emergency spillways should be  
capable of safely discharging the flow from the IO-year, 24-hour storm 
event if the drainage area to the sediment basin is less than or equal to 20 
acres, or the 25-year, 24-hour storm event if the drainage area to the 
sediment basin is greater than 20 acres. 

Consideration should be given to using the permanent Fernald facility main 
entrance road as a containment dike for the surface-water runoff in lieu of 
an emergency spillway. 

If an emergency spillway is implemented, 
measured from the peak water elevation in 
top of the embankment, should be provided. 

a minimum freeboard of 1 ft 
the emergency spillway to' the 
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0 Temporary erosion control measures should include those items described in 

Section 2.8.3 in the DCP (design consideration). 

I t  is noted that surface-water routing and surface-water management system design 
for watercourses and structures beyond the battery limit will be addressed in other 
design packages being prepared as part of the integrated FEMP remediation. 

B. Calculations 

Calculations should be performed to route the design storm through the borrow 
area for existing conditions and for construction conditions (i.e., during borrow 
activities), and to size sediment basins. The calculations should be performed as 
described below. 

0 The amount of surface-water runon and runoff should be calculated for each 
contributory drainage area. 

0 The size of the sediment basin, including outlet structures, should be calculated 
for each contributory drainage area. 

The above calculations should be performed using the design storm events 
previously identified. Runodrunoff routing and sediment basin sizing should be 
evaluated using the procedures described in USDA-SCS Technical Release 20 and/or 
55 [USDA-SCS, 1975, 1986al; .an acceptable tool for performing these calculations is 
the computer program “HydroCADrM Stormwater Modeling System” [Applied 
Microcomputer Systems, 19931, The above evaluations should be based on the 
information and guidance contained in USDA-SCS manuals [ 1985, 1986b, 1987,19881. 

In the event that.a channel bottom grade is less than 0.5 percent, an analysis should 
be performed to establish that the channel does not clog or build up sediment that will 
cause loss of flow capacity in the design storm event. 

2.10.2.5 Restoration 

A. Design Criteria 

The borrow area should be restored in accordance with the approved Borrow Area 
Strategy Report (Fluor Femald, Inc., 2000) and Borrow Area Management and 
Restoration Plan (GeoSyntec, 2000) to a condition that requires minimal maintenance 
(hnctional requirement). The borrow area should be restored to a condition that is 
consistent with the geomorphological character of the area surrounding the FEMP 
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(design consideration). 
restoration plan for the borrow area. 

The following criteria should be followed in preparing the 

0 Final grades should be selected that minimize long-term erosion in the area. 
The final grades should not result in erosion that is greater than the calculated 
erosion rate for stabilized slopes in the vicinity of the FEMP that have similar 
grades and similar soil types (design consideration). 

0 Surface-water runoff from the restored borrow area should be routed as 
indicated in Section 2.10.2.4 (design consideration). 

0 The restored borrow area should be revegetated with plant species that 
minimize erosion, that can be successfully established given the design final 
grades and soil types, and that are self-propagating in the expected conditions 
of the restored borrow area (design consideration). 

0 The design of the restoration plan should provide for progressive restoration of 
the borrow area, with commencement of restoration in an area as soon as 
borrow activities have been completed. To the extent possible, activities should 
not be performed in portions of the borrow area that have been restored (design 
consideration). 

B. .. Calculations 

No formal calculations are required for restoration of the borrow area. Procedures 
and materials for establishing permanent vegetation in the borrow area should be 
consistent with those procedures and materials selected for the OSDF final cover system 
(see Section 2.6 of this DCP). ) 

- .  I . .  

2.10.3 References 

FEMP property data and information required to design the borrow area should be 
obtained from the references cited in Section 1.5 of this DCP. References from the 
general technical literature that may be used to design the borrow area are given in 
Section 2.8.6 of the DCP. Additional references are as follows: 

Fluor Fernald, Inc. "Boirow Area Strategy Report ' I ,  Revision 0, Femald, OH, April 2000. 

GeoSyntec Consultants, hc., "Borrow Area Management and Restoration Plan", Revision 
IC, Atlanta, GAY April 2000. 
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Section 10 - Units of Measure 

Most equationa in this Manual are ~ivsdin B universal format that may be directly evaluatsd io 
metric (SO or English udta. When evaluating these equations. care must be taken tn use only 
prirnory unib ns Listed in the f0Ilo-E table. 

Some empirical equatiana were developed with spgfic "nib (such an inches in the SCS mnoff 
equation). and cannot be readily expressed h B unit.less form. These equations are marked with 
theoriginal unita 

HydmCAD also supports many pecnndary unita. such a8 acres and hectares. which me 
nutomatically converted to and [mqprirnary unita 8s required. When evslualiog equations by 
hand. be sure tn USE the appropriate primary units as listed above. 

You can change the unita for any project as described on page 21 
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Sectiou 11 - Understanding Hydrology 

What is Stormwater and why does it need to be modeled? 

During a rai~tom. precipitation reaching ths ground diaaipated by several msch-ms: some 
ia lost to evaporation. Mme i116ItrateS into the gmund, and the remainder ep- 811 atarmwater 
WOK. This r u n o K k  CBuae a van'ety ofundedmble eKecta. such BL) emsion and flooding. In order 
to prevent such damage. the runoff must be d e l f  mnveyed thmugh suitahle channels. pipea. 
atream, and riven too suitable point ofdispoaal, and eventually to the ma, By determining the 
lutlve of the runotfnnd the way it  will flow h u g h  thean channel% i t  is possible to predict how, 
"hers, and when damage may occur. Staps cnn then be taken to reducs ths chances of damage. 
such as enlarging a stream to prevent overflow of ita h&. or detaining some of the runoff in a 
pond to d u c s  f l d n g  downatream. 

w b y  Is t h e m  an increased need for 8tomwater modeling now? 

Moat new construction inmlves changes in the usage ofthe surmunding land. A new shopping 
. center,forexsmple,mayremovesstandoftrresandreplaceitsrithepsvedparldnglotandsereral 

buildings. Suchachange~thegmundcoverhaeadramsticeK~on therunoU,grestlyincressinS 
irstotalwlumeand thetataofrunoK. Thisdirenlyinaease~lhepotentid foremsionand flooding 
in all areu downstream of the new mnslruction. To prevent such damage, the runoff must be 
predicted before construction 80 that suitable steps can be taken to handle the N ~ o U ~  a safe and 
effective manner. 

In the paet, such analysis and design waa ofLen not performed. As a result. a sipnir\cant amount 
of stormwater damage now m u n .  ranging fmm minor floodkg of local streams. to emion  of 
farmland. to flooding of major rivers. The resultant burden on many drainage system and the 
increasing rate of construction means that aU new mnstruction.and development should include 
a careful snalysis of the effects on stormwater run& This mt only reduces pa8aible liability far 
stormwater damage. but is required.by law in a gmwing number of statu, and towns 

B 

How is  stomwater modeled? 

Stormwater modeling can be divided into two basic Gelds: -. which is the study of runoff 
and the factors that inlluence il. and Hvdrsulia. which i s  the study of water flow in the channels. 
pipes, streams. ponds. and rivers that convey it  to the sea. In each field there are many techniques 
available Tor performing the required analysis. A qualified engineer must choose the best methods 
for each situation. 

In the past. a number of simpwed technique have been employed for predicting runoff and its 
eUecta. WiLh tibe a d v w t  of low.ms1 cornputera. it is  now paasible to uss mors sophisticated 
techniques to gerfurm a more aaurate and complete analysis in lesa time. 

Different Approaches to E j d m l o g y  

There are many diaerent appmachcs to stormwater modeling and drainape design. 
facbique. cam be divided into two bask group: 

These 
I 

I) Steady-adte (mostant flow) math&. such IU tbs Rational method 10 applied to 
a t o m  sewer pipe networks. , 

2) Hydrograph penemtion and mu* pmndurar designed tdsimulata the time 
varying nnture of sctual mff. 

Although HydmCAD cam be ueed for nteadg-state designs and does inelude the R a t i o d  method. 
i t  w designed primarily as a hydrogmph gencmtwn and routiw program. (Sea page 105 for a 
&&ion of several related topics.) 
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The Intensity-Duration-Frequency Relationship I ' 

Based on r d a l l  observations. IDF curve8 a n  be earnpiled for m y  loeation: 

The Rational Method for Predicting Runoff 

The Rational method may he vaed to predict tho peak runoff aecording to the form& 

ninutsa DUlUTIOR hours 

*Peak Runon 
GRunoU Coemdant 
I=Ralnfall lntmsiry 

A=Area 

(See page 81 lor a dircusslon of rational method u n b . )  

Although the rational 
selection of C and 1. 

method appears straightforward, it is ' dependent on the 

C is based on the sail. ground cover. and other factors. 

i ia obtained h r n  the laal D F c w s  for a given return period and durstion. 

Ons ofthe major challenges of the rationd method ischoosing thecrilimldurotion. The duration 
mu81 be just long enough for maximum runoff to ouur. A longer duration will yield a lower 
intensity Emm the IDF cuwe. and thus s lower mnoK. 

For a single subcatchment. the critical duration is usually equal to the time.of.mncenmation. 
However, when several subcatchments are combined in a mmplete drainage system.& c r i t i d ,  
dumtwn can h u e  any l n l u  betluern the shortut and longut Te. 

The rational method is intended to determins only peak m o f f .  I t  does not yield accurate runoff 
volumes. and therefore should not be wed when subsequent volume.sensilivs routing calculations 
are required.' 

, 
Thew curves indicate the relationship between the intensity b) and duration (d) ora raidall  
event witti a given re turn  period 0. They are typically used to determine the intensity of a 
specific design event. 

Insteadotreturn period. itismoreaccurateto thintinrermsofthsexceedence probability@). 
where p=bT. Thus. a "25 year storm' actually designates a rainfall event which has a 4% chance 
ofoccurring in any given yesr. 
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The SCS Storm Distributions 

ay studying the Weather Bureau's Rnidall  Frequency Atlases. the Soil Consewetion Servks 
determined that virtually all &ds over the United Ststes muld be characterized by juat four 
dimnrionlraa rainfall distributions,' Each distribution is eipnaaed as a m w  cwuc indicating 
rb t /mct ion  of the total 24-hour precipitation has fellen at m y  tima 

B 

These cuwes sre synthrtic roinfoll distributions. They are intended as a tool lor determining thc' 
behavior of a raterahed under a svida range ofconditions, and Bre not intended to represent a n  
actual event. 

Each curve is developed fmm the same depth-duration.lre~uency data used for IDFCUNS. Using 
30 minute increments, the incremental rainfall is calculated lor durations of 30 minutes to 24 
hours. For example. the 30 minutsdepth is eubtractrd from the one hou; dspth. and the one hour 
depth fmm the 1W hour depth. The largest 30 minute increment is placed e t  the middle of the 
hypothetical storm. which is 12 hours. The second largest 30-minute ineremental depth ia placed 
in the next 30 minutea. and the third largest in the previous 30 minutes. This p m e s s  is repeated 
to develop the entire 24.hour c w e .  

The most significant feature of the SCS storm distributions i s  that  each curve 
contains depth information lor eve& ofnll durations up to 24 hours. 

Furthermore. the SCS distribution?, give the cumulative rainfall st any point in 
time, thus making them euitabls for volums.dependent routing calculations. 

Although an actual event may be sborter than 24 hours, the same distribution ie suitable lor  all 
cvmtsof24 hourdurationor lesa. Longerdistributionssrerequiredonlylorverylarge watersheds - 
where the overall travel time nean or exceeds 24 hours. 
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Determining the Time of Concentration 

While the SC9 nmoffwat ion  predicts tbe volum ofmoff .  it doesn't a& luhen the nrnoEfarill 
ooc11l. To determine how the runoff is distributed over time, we must inhodurn a timedependent 
factor. The rim-ofeoncenlmtion. or Te, is mmmonly used. 

'The Tc is rypieslly de6ned M thr t im required for o partick of water rd trawl born the most 
hydmlog*olly rernotepoinl in Ihr watershed La thepoint ofcollectinn. Them am eeveral methode 
available for calculating Tc, one of which is the Lag Metbod: 

Tc=limq of meenbation WnJ 
L=Lao time [hours] 
I=Hydm.uk lsngth 01 watershed [feel] 

YZAverage land dope LpercentJ 
S=Poleniial maximum relention finches] 

CN=Weighed Curve Numb% 

Other methods Q mmmon usa include: 

TR-55 Sheet Flow 
TR-56 Shallow Concentrated Flow 
Channel Flow (Based on the Manning's velocity) 
Upland Method (Described in NEH-4) 

All of these techniques are pmvided by HydmCAD. This nllowa selection of the method(s) best 
suited to each situation. Other techniques may be employed by entering the resultant Tc dirrctly 
into HydmCAD. 

The SCS Runoff Equation 

Studies by the SCS resultedin the following empirical relationship for runoff: 

The SCS Nnoffequatioh predicts the volumeof~noff  resulting born a given precipitation depth. 
The key factor in this translation is the SCS C w e  Number. 

The Curve Number i s  based on the soil type. ground cover. and other factors. High c w e  numbers 
(up to 100) indicate complete runoffwith little retention. and low numbers indicate bigb retention 
and reduced Nnoff. (See page 49 for further information.) 

One of the most common effects of land development is an  increase in the C w e  
Number. The transition from w m d s  to lawn. or lawn to pavement, i s  accompanied 
by s significant increars in the CN. A close study of the SCS mnoffequation will 
reveal that even a modest increase in the curve number can produce a dramatic 
increase in the volume ofrunoU 

. _- . 
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The SCS Dimensionless Unit Hydrograph 

A unit bydmgrapb npresente the runoff resulting h m :  

One inch olprecipitation em-. 
Generated uniformly over the walerahtd. 
At a uniform rare. 
For a duration D. 

The hydmgraph ia made dimensionlesa by expressing: 

Ordinates M a h c t i o n  of the peak discharge q,. 
' Time ada an s baction o l  the t imeb-peah T,. 

By a d y + g  a l q 0  n m o u t  of measured data. the SCS developed an average b e m i o n l e a s  unit 
bydmgraph: 
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T o  d imens loo  the time d s  of the UH. we use the following relationships: 

This d o w s  the b u n t  duration D. and the overall duration of the UH. to be determined based solely 
on the time ofmneentration. B .  
I 

T o  dimension the ordina tes  of t h e  UH. we can use the following relationship between the 
mlume and peak of the W 

q,=Peak discharge [CFS] 

A=Anta [sqmller] 
(l=Predpitabn excess (nmoq [ U I C ~ S ]  

484SPaak factof 

This d o w s  the ordinates of the UH to be dimensioned baaed on the prwipitation excess (Q. as 
previously determined by the SCS runoffquation. 

The SIX Dimensionless Unit Hydrograph is signirtcant in that it i s  applicable lo 
an extremely wide range of conditions. Only a few locations require a diUerent 
curve. such as the Delmarva'unit hydmgraph. which has  a peak factor of 284. 

B 
TR-56 and the Tabular Method 

Bsauae of the enormou computational rqui remenh of the unit hydm-ph pmedure,  the SCS 
derived a aimpliKed'tabular method which it published in Technical Releasa 55 (TR-55). 

The tabular method mnsista 01 a number of composite hydmgraphs produced with TR-20. which 
ars~bensalsdandinterpolatedinordertospprolimatetbsresultathatwould havebeeopmduced 
with TR.20 itaeU 

lnordertbteep tbenumberoftsblestosminimum.avcmgcvalueewereuedf~rorsoMralvariables. 
The qUat iOM of TR.65 were then designed to reintroduce the dependencies on thean parameters. 

The two primary asaumptians of TR-55 are a Curve Number of 15 and a runo5of 3 inches. TR-20 
and TR.56 can be 

A number of 0th- mnditions also indicate the use ofTR.20 

to deviate M these assumptions become i n v a l i d  

T,<.l houri or T.>2 hours 
Drainags iubareas di5er by a factor of 5 or more 
The entire hydmgraph is required for routing 
Accurate mlumes are required for routing 

The appmdmationn ofTR.55 are aumcient to cause the SCS to place the following warnings in the 
documentation: 

T h i s  methodC17(-55)appmdmateaTR.20. n moredetailed hydmgraph p m e d  urs.... 
Use TR.20 if the watershed is very ~ompler  or a higher degree of accuracy is 
required.' 

Thi~appticsparticularly lothedeaignoldetention basins,smce they am vcryaensitrvetochanges 
in the innow hydmgraph. Again quoting h m  TR-55 

The pmcdure CPR.55) should not Le used to perform final design rlan enor in 
storageof25 percent cannot be tolerated .. hlore detailed h y d r o p p h  development 
and muting will o h n  pay for itself through reducedconatmction COSU: 

When evaluating TR.55. keep in mind that it wan developed pr imady for manual use. When 
computers am available. tho onanal TR.PO/SCS.UH methodology would appear to be prelened. 

._ . 
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Convolution: The Heart of TR-20 S'7 t282 
( 

The unit hydmgraph. when dimensioned. teb us what the NnoR arill be for LI singlr burst of 
rainfall. To determine the mu105 for the entire atorm.,we must perform a mntmlrriion of the & 
hydrograph vivi Ihepmipi(alion m e s a .  This ia simply a summation of many unit bydmgrapha. 
each of which representa one burst of m05. 

Tha process ia a# f0Uows: 

1) For the first burnt (of duration D) we determine the precipitation e- and create L 

m m p o n d i n g  Unit Hydmgrspb. 

2) For lhe next burnt we determine the precipitation excem murring duriw the 
internal D which is AQ=Q(t+D).Q(t). We v u ~ t a  tbe corresponding UH, tramlata 
i t  by the duration D, and add it to the previous result 

3 ) S t e p 2 i a r e p e a t e d f o r a l l d u r a t m n s D n e c d c d ( o r m .  

The resulting hydmgreph repnsenta the runo5bom the entire storm. This i s  the fundamenta l  
method used by TR-IO for predicting ruooff. It ia mmmonly referred to aa the SCS Unit  
Hydmgrnph procedure (SCS-LW. or simply tha Unit Hydrograph procedure. 

Nota that ifT.=7.6 minutes and D=l minute, then a 24-bow storm 4 consist of 1440 bursta 
generating an equal number of unit hydmgrapbs. If the UH conaista of 100 coordinates, a b u t  
140.000 coordinates must be summed to producn the composite hydmgraph! Obviously, such a 
technique in not practical to perform by h a d  

' ' 

.- . 
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HydroCAD. TR-20. TR-55 Comparison 
The following table summarizes the technical similarities and Merences  between these three 
pmgrams. Note that HydmCAD combines the mosbused capabilities ofTR.20 nod TR.55, p l w  
m m y  other techniques end features not pmvided byeither program. 

6'' 

00-0'177 
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The Snnta Barbara Urban Hydrograph 

hother common NOCU technique is the Sanra Barbara Urban Hydmgraph method or S B W ?  
~ s ~ h n i q u s i n s i m i l a r t o  theSCS-UHproeedurein thatitemploys theaameSCScurven"mbers. 
runoffepuation, and rainfall distributioas. The difierence is that  rather.than utilizing a Unit 
Hydmgraph lo generate the runoff hydrograph, the SBUH method generate8 an instantaneous 
hvdmmaoh which is muted thmugb en imaginay reservoir with a time delay esual to the 

. .  
, 

D 

A significant feature of the SBUH method is that  the calculations are relatively simple in 
comparison ta the SCS-UH procedure. Although it  ia rarely advisable to perform either technique 
by hand. it is at least possible to co,mpute the SBUH runoff manually. and i t  can be done quite 
readily with a basic spreadsheet program. 

While the availability of the SCS-UH pmeedure would appear to eliminate the need for the SBUH 
method. m m e  localities prefer the SBUH method for apecilic aituations. HydroCAD provides both 
techniquea, and the ease of switching from one method to another makes it a simple matter to 
provide the required analysis, and even lo compare the resdta of dfierent techniques. 

- $ 6 6 4  
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Section 12 - HydroCAD Fundamentals 

Understanding HydroCAD 

HydmCAD provides a aumbuof teebniques for the generation and  mutingofhydmgrsphs. It also 
pmvides bang other related calculations. such am time of concentration. weighted cunre numbeia. 
pond volumes. stage-diseharga cwezz. ete. Thi. broad range of capabilities a l low a I- number 
ofstudies to be performed entirely within HydmCAD. 

HydmCAD in a hydrograph muling d l .  It is designed spxi6cally to handle rime - i ~ / 2 0 w s .  
as r e q u i d  for pond design and other mlume.aensitive calculations. 

Certnin calculations. such am channel backwater or preasvrked pipe networks. are normally 
sn- under mn6bnl /low mnditiaas. These taab may be hest addressed by stesdy-state 
numerical tschniques. and not by a hydrograph muting system such as HydmCAD. Some project. 
may require the use of HydmCAD to model the overall draiiage system, combined with I steady- 
stab analysis d specific mmponenta This is m unavoidable consequence of the  difTerent 
methodologies. 

Although HydmCAD'a aequencs of oprstions in ucry flexible. ita power is most easily understood 
byviewingitin fourphnees. 

Phase I -Cons t ruc t ion  of Routing Diagram 

A disgram i s  constructed showing the functional components, or nodes. that make up the .' 
watershed The diagram shows the location of each node and how water in m u h d  from one node 
to another. 

Phase n ~ Description of each Node 

Each node is described in detail so that HydmCAD can calculate the outflow Lam each nods once 
the i d o w  is known. 

Phese 111. Calculation of flow through each  Node 

Calculations occur a u l o m a t i d y  whenever a report is selected. Starting at the upstream end of 
rhediagrem and working downstream. HydroCAD calculatesthe outflow andotberresulta breach  
node. Multiple kJlows are summed automatically. Aminimal recalcvlarion feature automatically 
reusea the results of previou calculations where no changes have occurred 

Pbase  N ~ Display a n d  Examination of Results 

Ooeninrl one or more rewr t  windowe leu the user verify the behavior of the watershed. U any . .  
changes am required. the user may m a y  the watershed. causing the calculations and reports to 
e automatically updated. 

B 
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Section 13 - Curve Number Selection & Use 

Determining the C w e  Number 

ne c w e  number  (CN) characterizes the type of soil "d ground cover. A high CN (such sa 98 
for pavement) indicalcs minimum retention, while a low CN (such as 30 for certain wooded are=) 
indicalcs a larga retention capability. For subcalchmenta with multiple CN values, HydroCAD 
& d a t a  a composite CN by summing the products ofencb CN multiplied by ita percentage of the 

, q y ~ ~  includes a complete curve number l m h p  teble based on data developed hy the SCS 
(M1Cs) m d  published in TR-55. This tabla ia based partly on the Hydmlogic Sail Croup, which B may totalarek bs determined for m y  soil t m  hy cliclring Hdp on the lookup table screen. For hvther  
j.&rmation sea p a p  111 and NEH-4. which pmvides additional widance on CN selection. 

Curve Number Effects 

The curie number is used to determine the fraction of the precipitation depth that will occur as 
moa. This relstionship is  swif ied  by the SCS rvnoffequation as shown on page 57. 

Adjustments for Antecedent Moisture Condition 

The a n k e d e n t  m o i s k e  mndition specifies the moisture level in the gmund immediately prior to 
the storm. Tlunmnditions are defined 

AMCI-Dry 
AMC I1 . Normal 
AMC 111. Wet 

It is common policy Lo use AhfC II for most design work. Other values should be used only under 
special c ~ m s m c e r .  AMC III is sometimes used to study extremely wet mnditions. such as a 
spring scom falling on aaturated ground. AMC 111 usually causes a dramatic increase in runoff, 

. and is not normally used for design purposes. 

The AMC works by adjusting the Curve Numbera in all subcatchments according to a predefined 
tabla ~d shown on page 116. In general terms. AMC I reduces ell CN vslum while AMC 111 
increases the values. AMC II usen the original values without adjustment. 

The AMC is set for each project by selecting SrmngslCa~su~allon: Ralnhn. 

I 

,59/28 z 
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Section 14 - Determining the Time of Concentration 

Oneofthekeyelemcntsrrpuuedfor anyrunoEcalculatianisLhalTrmo/Ccncenlro Tha 
T. is typicdly d e b e d  8s the time required for w o f f t o  travel from the most hydrologically dietant 
paint of t h o  watershed to the point of collection. 

The time of mncentratioo is mmmonly determined by summing the travel time Q for each 
masccutive b w  wmnl along the mhcatchment's hydraulic p a t h  This p m e s s  requires 
identification of the cypa of flow m u r r i n g  in each segment. and application of the appropriate 
method for calculating the T,. Although these segmenta will mur in a given physical order, the 
order in whicb they a m  used in the pro- has no eft& on the total travel Lima 

HydroCAD pmvides a variety of techniques for calculating the Tu plus other procedures (such as 
the Curve Number method) which are designed Lo directly determine the overall T, Them 
p m e d m a  Bra discused below. If neceawy. the T. or T, may nlso be determined by other 
procedures and entered into HydroCAD dirstly.  

The detennination of the time of concentration is one of the most widely discusscd 
mas of hydrology. The actual method(8) used on any given project depends upon 
actual site mnditiona. regulatory requirements. and sound engineering judgement. 

Curve Number Metbod 

The Curve Number Method (see NEH.4 p.15.7) was developed to allow calculation of the o v e r d  
T. under a wide range ofmnditions. ' h e  method is designed for mens of ZMX) acres o r  lesa. The 
calculation is quite aimple. but requires a proper understanding of the input requirements. 

T,-nme of mncenmtion pours] 
L=Lag lime p o w ]  
l=Hydfaulic lenglh of Ihe watershed [feel] 

Y=Average land slope (percenl] 
S-Potential maximum ralention pnches] 

CN-Weighted Curve N u m k  (See page 11 1) 

Note tha use of tha average land alape. as described below. (This is distinct from Lha slope of the  
hydraulic path. as used in most Tccalculations.) Although eome care ia required to determine this 
value. the Curve Number method has the advantage of using a small number of fairly objective 
rammetem. This pmvides more consistent rsul te  than some other approach-. 

B 

Average Land Slope 

The average land slope (or average watershed slope) ia e critical faetor in the uae of the C w e  
Number method. 88 described above. A theoretical determination would require phcing a grid over 
the suhcatchment and averaging the slopes for dl squares. Other techniques are available that 
have more modest date requirements, such as the followingequation from 
& C a n s t m c t k  

4 

Y-Average land slope Lpacentl 
C=Tofal Conbur !anglh [leal) w [ml 
t=Cantwr Inlemal [feel] a! [ml 

C is obtained by adding the length of all mntour lines within the subcatchment The a-cy of 
this technique depends on having a su5cient number of contour linui w i t h i  tbs subcatchment. 
Reducing the mntour interval will generally increase the accuracy of the result 

TR-55 Sheet Flow Procedure 

The Sheet Flow pmcedwe is designed for flow over plans surfaces. as usually oc~urrj in the 
hendwatera of a stream. (Sea TR-55 p.3-3) The following equation is used for sheet flow: 

T,=Travel time [hours] 
n=Mannlng'r memdenl fm sheet Ow (See page 135) 
L = f l w  IengLh [feel] 

P,=Z-year. 24hour rainfall rnchesl (Saa map on page 
s=Land slope (along now palh) [WR] 

121) 

Determining the actual length ofaheet flow is critical to this method. Although the technique was 
intended for lengthsup to300 Ceet,somesgencies now recommend a maximum of IW feet. In any 
case. the length should not extend peat the paint where there ia evidence of concentrated flow on 
the gmmund. The length is ala0 critical in that Sheet Flow is often a dominant factor in m 
suhslchment's totalTc. 

0 0-Q 179 .. . 
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Upiacn' %f,;L!..,rcl 

Th:. ilpl:*iid &rii . i  a,%+ NEH.4 p.16-6) is designed foreonditiona that- in the beadra ten  of 
a wateml.e2. including overland flow, grassed waterway6. paved arena. and thmugb small upland 
gullies. Upland mebod in applicable to m a s  of ZOO0 a c m  or Iesa Although mmmonly publisbed 
as a char( of velocity vu. alope for various eurfana, upland method is based on the following 
equatioo: 

Channel Flow , 

T,=Tmel time -1 
L=flw length [feat] or [m) 

U.,=Velcdty f a d u  [FPS] OT I d s 1  (See page 137) 
s-Land slaptl (alone llow path) [Wnl or [drnl 

V-Average VGloCny (FPS] (Y [ds) 

I 
Shallow Concentrated Flow 

ThaTR-55 Shallow Concentrated Flow procedure (see TR-55 p.3-3) is of the same mathematical 
form as tba Upland Method (above). The essential diaerence is that  it utilizes only two surface 
typs;powd and unpowd. (See page 137 for the correspnding valuea for these sudaces.) Due 
to the similarity between Upland Method and Shallow Concentrated Flow, HydmWU) utilizes a 
single acrean for both methods. and mmbines the K., valuea from both methods into a .ingle table 
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Section 15 - SCS Unit Hydrograph Procedure 

The US D e p d m e n t  of Agriculture Soil Conservation Service" h a s  developed a number of 
techniques for'analyxing stormwater runoK One of the moat widely u d  is the SCS Unit 
Hydmgrapb procedure (SCS.UH). The SCS-UH procedure is a principal component of SCSMRCS 
Technical R.&,&Q commonly known asTRZO. 

The SCS-UH procedure in the p r i m q  WOE technique provided by HydmCAD. Althougb 
HydmCAD docs not employ m y  of the actual code from TR-20. it in baaed on tbs  hame SCSUH 
procedum and will prcdun essentially the name runoff reeulta. 

Due to themmputntional requirements ofTR-20. the SCS'pmduced II simplified. derivative tool in 
the form of the TR-55 Tabular method. The Tab& method is designed 0 Itppmrimate the resulta 
that would be obtained fmm TR-20. but U B M ~  various approximations that cauee reduced a~cur8cy 
in many situations. Beenuse of this relationship, TR-20 will always pmvide equal or greater runoff 
accuracy, and is tbemfore preferable for moat projecta that  call for the TR.66 Tabular method. (See 
page 43 for a detailed comparison of these techniques.) 

Synthetic Rainfall Distributions . .  
The SCS unit bydmgraph procedure 
mmmonly utilizes a synthtlic rainfall 
dllribufion. The SCS bas developed 
several standard distributiona that 
cover the entire US. These are 
commonly expressed an mass curws, 
aa shown ut right and discussed on 
page 117. When combined with 
national rainfall mapa (starting on 
page 121). these distributions 
eliminate the need for local I D F  
curves as employed by the Rational 
method. In fact. the rainfall 
distributions contain the same 
information in a reduced farm. 

While theunithydmgraphpnreduremayinitiallyappearmoremmpler tbantheRstionalmetbod. 
i t  in actually easier to  apply witb II system such as HydroCAD. This is because the synthetic 
rainfall distribution8 ancornpaw all durarwn ruenld in B aingle calculation. while the Rational 
method requires a separata calculation for each duration." 

irtom rainfall distributions may also be used with tbe unit hydrograph procedure. but this ia 
necessary. I t  is not uncommon loconfume a local IDPcurve with a r a i n f d  distribution. An 

curve is not only inapplicable u) the unit hydmgraph procedure. but it ueually duplicates the 
already contained in one of the rainfall distributions. 

HydroCAD Technical Reference 55 

- 
I 

j. 
c 

The Channel Row procedure (aeeTR-55p.3-3) ismmmonlyemployed whem s w e y e d c m w  &ions 
IYI) available, or anywhere the velmtycsn be reaeanably determined by Manning8 equation 

T,=Tmd time h r s ]  
L-Fkw k@~ [keg or [m] 

n=Mannlng's meRdenl (Sa, table on page 1 2 v  - 
r=Chamd sbp [MU or InJml 
r-liydraurc radiua [feat] 01 [m] 

P.=WeUsd perimeter [feet] or [rn] 

V=Average veJ=W IN1 01 Wal  

a=CmsJ-oedioMI fkw area [Sqfeel] M [q 
1.m-h  fador (use 1 formaWc evalualion) 

In addition to allowing k t  e n t y  ofcross sectional area and wetted perimeter. HydroCAD can 
automatically calculate these parsmeters for rectangular. vm. trspewidal. parabolic, and cLculsr 
channels as described on page 138. 

Other Tc Procedures 

Other T. pmcedures can be employed by entering the calculated value directly into HydmCAD. 
This can he used a s  the total T. for n subcatchment. or combined with additional flow segmenta 
calculated by other meam. One situation that eab for direct T. entry in modeling the 'mnoB on 
the surface of a pond. This requires the direct entry of a T.of zero,' 
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Data Requirements fdr the SCSUH Procedure 

The follow-kg data in required for the SCS unit hydrograph procedure as employed in both TR-20 
and HydmCAD. Some of these items are provided for each individual subcatchment, while othera 
apply to the entire watershed 

Q 
The curve number (CM characterizes tbe type of soil and  gmund mver, ~d 

discussed on page 49. 

The time of concent ra t ion  Vc) indicate6 the time required for all par(s of the ' 
subcatchment to contribute to the WOK (See page 61.) 

The total storm raidall (ii inches) in determined for any spe&c laation h m  
US. Weather Bureau maps based on the desired return period (2.5. 10. 25.50, or 
100 yeare). Thia is the total precipitation that will DONT during tbe storm. Rainfall 
maps for tbe United States (repriated hum TR-65) begin on page 121. 

The a t o m  type is selected awrding to the geographic location and any a p g i a l  
project requirements. For each atorm, HydmCAD contains a maaa c w e  indicating 
how the rainfall wiil be distributed over tbs total duration of the storm. 

HydmCAD provides an emnaive  library of rainfall distributions, including the SCS 24.hour type 
1. IA. K and 111. (See page I17 for details.) The SCS rainfall data is i n  tbe form of second-order 
fittedequations. wbicb guarantee a smooth runoUhydmSrsph keof'ateps"orother irregularities. 
Specialized rainfall distributions aredsoprovidedfor Florida. Illinois. andotherareas.  andcustom 
raioIaUs may be added if required. 

Most storm8 include e default rainfall dura t ion  (such sa 24 bourn) which 18 

employed for most studies. The dwation may be cbanged for special applications, 
such an the Illinois HUN Chstributions. 

The uni t  hydrograph  b a dtmens ionle~  cume tbat shows the runoffdistribution 
resulting from one inch of precipitation excess occurring u d o r m l y  over the 
watershed during a spcefied duration. ( S e e p  
for details) 

. p.399 

HydroCAD promdes the  stendard SCS and Delmama unit hydrographs (see TR.20 p.240) whxh 
have peak fsctord'ol484 and 284 respectively. Additional unit  hydrographs may be defined d a  
drITerent peak factor is required. (For detail8 see the U H . t x t  Ne which is matelled in the 
HydroCADDIRainfaU folder.) 
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SCSUr-T Rt~nc~?'C.eneration 

mnon'hydmgrdyh is generaled by performing a mnvofurion ofthe unit h y d m b p h  with lhe 
A brief description of the HydmCAD &,,fall UCCIS. 

implementation follows: 

1) At m y  lime d h g  the stom. U s  cumulative precipitation (kdaU depth) can be determind 
the selectad rainfall distribution when multiplied by the total rainfall depth. The cumulative 

precipitarioncrrctr(Nnofi)can thenbedeterminedhytbeSCS runoffequat ion .  (SesTR-55 p.2-1 

(For deraila sea NEH.4 p.162.) 

I '  

i 
I 1 
i 
i 

i .  

Q=Pradpltation exbess ( m o m  [inches] 
P=CumulaUve praipitation pnchesl 
S=Potential maximum ralenhn lnchasl 

CN=Curve number 

2) The storm ia divided into a series of rainfall burrla of duration D=2/16 Tc. The precipitation 
excess acvrring during any i n t w a l  D a t  time t can be calculated by: 

3) For each burst, the Unit 
hydmgraph definer how 
this volume of lvnoIT M U  
occur over time The 
uolumc of t h e  uni t  
hydmgraph is w e n  by d e  
(above). The durolion of 
the unit hydmgraph is 
related to Tc and D 88 

shown. The result is that 
the dimensionless unit 
hydrograph h a s  been 
d;;wnoiotai 

4) Th.. %no6 fmm the 
entire a l m s  1s determined 
b y  s u m m i n g  t h e  
hydmgraphs resulting from 
each raidall  burst. 

HydroCAD Technical Reference 57 

D 
Section 16 - Santa Barbara Urban Hydrograph 

The Sank Barbara Urban Hydmgraph method (SEUH) WB6 developed hy the Santa h b a r a  
County (California) Rood Control and Water Conservation District. T h e  S E W  method has many 
simikrities to the SCS Unit Hydmgraph pmcedurs discussed in the previous chapter. Both 
techniques employ the same SCS curve numbers, run06 equation. and rainfall diarributiona 
However, theSBUH methoddoes notutiliza aunit hydmgraph or themnvolution process. Instead. 
an i n s t a n h g l V 8  hydmgraph iS generated and then routed thmugh a n  imaginary reservoir with 
II time delay equal to the subcatchment's time of concentration.' 

This calculsnan is rclativcly simple in comparison ID ths SCS-UH p m d - .  and d e s  lesa ume 
loperform. While1haav~abilityoftheSCS.W proceduremight appear toeliminate the need for 
tho SEUH method. -me I d t i e n  prefer ths SEUH method for spec6c  situations. 

Runoff Procedure 

There are two distinct steps involved in generating a mnofi hydrograph by tho SBUH method 

I)  Compute  the instantaneous hydrograph: The storm is divided into equal time' 
incremenu (dt). At eacb inuemenr. the SCS Runoff Equation (see page 57) i. used to determine 
the precipitation excess. The diKerence between the successive values represenla the 
instantaneous runo6at that win1 in time. A typical instenteneous hydrograph ia represented by 
the dashed Line in the above graph. 

the  runoU hydrograph: The runofl hydrograph i i  obtained by muting the 
tantaneous hydrograph through an imaginary rescwoir with a time delay equal to the time of 
centration. The following equation is wed to estimate the routed flow at each point in lime: 

SCS-LJA Runoff Considerations 

I) The mnoU h y d r o p p b  m ~ i e t e  o r a  series of ordinaten (CPS flows) at svcnly spaced intervals 
'dt." Each ordmate specilies theaverwe flow dvring the interval. As a resul t .  S a  narrow pcak 
a c u r r e d  within one interval. the hydmgraph would inLcate an average Oola b a t  mrghl be 
s i d c a o t l y  lcss than the ins tan tanmu peak. lbis w likely to occu when T. is lese than 2ds so 
HydmCAD &playa a n  inlormauve warning m these cases. 

When you encounter this situation. keep in miod that the inetantenoous peat cao exceed Lho 
average for a time no longer than  dt, which id mmmody 6 minutea or Ieaa. In practice. such a short 
instantaneous peak i s  usvally attenuated to the overage n l u e  by the storage charscteristics of the  
6rst reach or p a d .  However. i la  tNe i n s h n t a n e ~ v s  peak required, the -off interval (dt) may 
be reduced to 6ppmximablY onehalf the T, 

2) TR.20 ha6 M inberant limitations on the Lime ofmnceotralian. As T nppmaches 0. the m n o a  
curve eppmaches tho pretipitation e x m a  w e .  which is the expected imihng caw," Similarly, 
for a very hrge T. lhe enlira 8IDrm -me3 e &gle rainfall %urd and the Nnoflappmaches the 
ahapeof h a  unit hydrograph. 

3) When making mmpariaons tu TR.55. nota that the TR.55 tsblcs were produced for a c-e 
number of 75 and require a precipitation excess of a t  leaat 1.5 inches. Aa conditions deviate h m  
these. a n  increasing difference ofup  to 25% can be expected. 

I 

4) Runoff bydmgrapha are generated for a specuied t ime span, such as IO ID 20 bourn. You must 
enaurethatth~span~~suitehlef~rthaPUrposeeofyouranaly~isand the raiddl typebeingueed. 
If you are  pnmanly concerned with peak flows. you can reduce calculsiion time by usmg a shorter 
time span. However. for pond6 and arher volume-sensitive studies. make sure the time span begin- 
at  or before the earliest NnoU. or this early volume won't be included in y o u  calculations. 
HydroCAD will generate an automatic warning message if the span is not adequate to include the  
earliest inflow into a pond Also keep in mind that the volumes displayed by HydmCAD include 
only the specuied time span. Ey increasing tbe enLng time to 25 hour8 or so. you'll get a complete 
picture of the atorm. 

5) As a safeguard. HydroCAD performs an  automatic check of runoflpeaks in relaiton ID the tme 
span. A warning message is displayed S the calculated time of the peak doesn't fdl within the 
middle 90% of the lime span. I f  this warning appears. you should examine the hydmgraph and 
adjust the time span accordingly? 

0 Although HydmCAD applies a number of teste to check the a m r a c y  of y o u  
model, a visual examination of all bydmgraphs is highly remmmsnded. This will 
help to d e k t  emneoua  input data end ensure meaningful resulte. 

=- 4 6 6 4  
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A typical runoff hydmgrsph i s  show by a solid line in the p p h  above. Note the delay a n d  
reduction in the peak c a d  by the muting p m d u r a  

f 

HydroCAD Technical Reference 59 M) HydroCAD Technical Reference 



Section 17 - Rational Method 

i 
I 

The Rational method may be used to generals N n O 6  hydmgispha However. aince Rational 
maas developed primarilylorpredidingpeak f l o a . i t a u s e i s ~ l a d v i ~ l o r v o l u m ~ ~ ~ n s i t i v ~  

muting calculations 

me Rational method predicta the peak runoff aceording to the formula: 

a=P& Runoff 
C-RUM~ Coefiicienl 
wikn intensity 

A=- 

The equation -' bo evaluatsd using English or metric units. as long as proper dimensions - 
observed. For English uae, i t  is traditional to employ inches.per-hour and acres lor the intensity 
and area, raspectively. Converting the unita yields the falloaring relationship, in which the factor 
of 1.01 is often omittad 

For metric usd we can substitute m d u  and hectares lor the intensity and m a .  respectively. 
Converting the units yields the iollowing relationship: 

In order to generate II mmplete hydmgraph (a8 required by HydmCAD), it is asaumed that the 
runoKbegins a t  the start  ol the storm and increases Linearly to the peak value. which is sustained 
until the ~ t o r m  duration (D) has elapaed. and then decreases linearly to zero. 

The rate at which the hydmgraph rises and Calla is based on the Tc and a risdlall factor. For 
"standard" Rational method. the rise and lall lactors are bath one. That is. the rise and fall mu 
over the exact interval Tc. Variations of the Rational method (&en called the Modfied Rational 
method), may use diaerent rise and lull factors. which can be net direetly wing ScwnpslCalculaUon. 

Rations1 method run06 traditionally begins at zem hours. although it can start at whatever time 
is rpec"ii..:i in the calculation settings. A typical rational method hydmgraph is ahown below. 

The user must chmse the cri lMI dumiwn (and the mrrasponding intensity) that reaulta in the 
m&mum combined mnoKateuchpoin1 ofrludyr. Dependingon the specific watenhed. this may 
m r  at any duration between the shortest end longer1 T.. An the shrdy pmgreasea downstream. 
the critical duration generally increases. but some trial and ermr is required ior an aeeulate 
determination. Note that  aa the duration ia changed. all upstream subcatchmenta are pmperly 
recalculated lor  the new value. Thia is the mrreet procedure for applying the Rational method, 
dcapitn bequent miauae of the method in which these values are held ConstanL 

Since a hydmgraph produced by the Rational method does not reflect the total a t o m  runoffor the 
variation in intensity, it is  no t  recommended Tor the design s n d  ~ a l y s i s  o i  detention ponds. It 
is strongly advised that the SCS-UH or SBUH mnoff mathodology be used when pond routing 
calculations wiLl be performed. 

Section 18 - Reach Routing Calculations 

Areachiausedtoprformanindcpendenlhydm~~hroulingloranopenchaMelora~ipeflowing 
under open-channel conditions. A channel or pipe can alternatively be modeled aa a flow segment 
within a subcatchment. where ib travel time dill-matribute to the Tc The later sppmach is 
uaually simpler. and may even he nec- in the case of a subcatchment that ia draining along 
the entire length of the reach. However. lor a long reach with a a i d c a n t  i d o w  at one end, a 
separate reach muting may be ealled Tor. This aection derails the p-dws used to pirform an 
independent reach muting. 

The Routing Curves 

Reach muting raq& that the reach Fust be characterized by two curves: the end-area v8. depth. 
and thediechslgevs. depth(stage-diaeharge) This~ormationmeybedetermined hyoneoithree 
pnxedures: 

1) The user may directly speciPy the end-area and discharge at  any number of deptha. 

2) The user may enter the wetted perimeter at each depth, and Manning8 equation (see 
p.77) ia used to determine the discharge aa follows: 

V=Averaps vekcity of flow [leeusec] rn [Wsl 
1.486=English faUm(use 1.0 101 metric) 

R=Hydraulic mdius [feel] rn [m) 
S=Slope of channel Lwnom [me/run] 
n=Manning's number (See labla M page 128) 

A=Area of fl- [sq-feel1 or 
P=Wened perimeter (feet] or [ml 
O=FIow [CFS) or [m'kc] 

3) Forcertain standard shapes (rectangular. vee. trapewidal. parsbolicchannel.or s circular pipe). 
the user may provide the appmpriste dimensions. and HydmCAD will determine the end area and 
&huge c w e a .  These are calculated uaing the area and perimeter equations on p a p  138, and 
Mannings equetion as shown above. 

_ _  . 
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Reach Routing Limitations 

Sincn the stagediecharge relationehip is based solely on Manning8 equation. it does not mmider 
inletoroutlelmnditions. Itassumes thattheManningafiow,andnot theinlet.outlet orrailwater, 
is themntmllinghctor. Ma mmplete analysia ia deaLed lor apipa reac4includingen;rance lasses. 
the reach should be modeled an a w n d  with s culvert outlet. 

Reach Routing Methods 

HydmCAD currsntly provides threa techniques for reach muting, which are described in the 
remainder a i  thin netion. 

Storage-Indication Method (Stor-Ind) 
Storage-Indication plus trmslatiion (Stor-Ind+Trans) 
Simultarieoua Method (SimXoute) 

Storagshdication Method 

The Storage.Indicstion method (Stor-Ind) is tbs hasic reach routing technique provided by 
HydroCAD. and in baaed on the muting equation8 developed on page 85. The actual routing 
pmedvre is  au follows. 

I) The reach's s tagedischarge  reletionship ia calculated aa d d h d  above. 

2) The stageatorage relationship M determined fmm the reach cmss.section multiplied by the 
lengh. 

3) The stage-discharge and stagertorage curves are uaed to m a t e  a storage-indication curve. 

4) Routing is performed using the specified time span and time increment. At each point in time, 
a storage4ndication value is calculsted based an the current idow.  plus the previow inflow. 
outflow. and volume in the reach. 

5)Thecurrent 6torage.indication value and the sLorage.indication curve are used Lo determine the 
new elevetion. 

6) Ueins the new elevation. the8tage.atorageand stage-dischargecurveaaraconsultedtodetermine 
the new storage and diseharge. 

7) This process is repeated lor all pointa in the i d l o w  hydmgrsph. 

In practice. the procedure may incorporate a number of other facton. such an a base flow or i d o w  
loss. Any unusual conditions, such as the channel overtopping. will produce a specific warning 
message as listed on page 97. 

4 
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Effects of Reach Routing 

A reach wi l l  normally allcnuo(e onddeby the hydmgraph that is muted tbmugh it. The extent of 
thisyansforoiatiindependson many factors. includingthsreach~ansions,slope.endMnnning'a 
number. Short reaches (up to ssveral hundred feet) of&n have a minimal effect on the routed 
hydrograph For this m m n  they 
am bquent ly  modeled $8 a flop. 
segment within a subcatchment. 
ms is the only option for mme 
7ethods such as TR-55. which 

cludse no  reach routing 
ures at all. * On the other hand. for long reach- 

with Iargec--sections, IOW slopes 
high Manning's numbers. 

tho routing effect csn  he  
significant. The p p h  at  light 
shows the effecta of Storage- 
indication muting thmugh a 5500 
Ioor long channel. S i f lcan t  
attenuation may also rnu r  on 
shorterreachesiltheinnnwpeakis 
of short duration. 

Simultaneous Reach Routing 

Allowing for Travel Time 

The starage.indication method. as described above. accounts for only the storage effects of the 
reach. Other techniques must he used to account for the kinematic e f fs ta  of long reaches. 
UuAmCAD ornvides the ootion of ~.. .~ ~ 

adding B time lag or lronslalian to 
the normal storage-indication 
muting. Setting the reach routing 
method to "Stor-lnd+Trans" causes 
the staragemuted hydrogrsph to 
be furchar translated by the travel 
time ss defined on page 95. A 
clos;ernminationofthe example at 
right reveals thst the peak 
discharge no Iongermresponds to 
a point on the inflow curve. but iS 
translated by the prescribed 
amount. 

._ . 
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The Sim-hula  reach muting pmcedvre is provided for compatibility with simultanmoua pond 
muting. Although this method does ML currently allow reaches to respond to tailwater changes. 
its doea allow the overall waterahed to be analyzed in a simultaneous manner so that p o d 8  may 
respond to tailwuster effects as described on page 89. 

Simvltaneovareach mutingi8 basedonthe baeicequationformnservatianofmass.(SeeHvdmlcrPic 
a m i s  and Desieo p.545.) 

t=lnflow rate 
O=oUtRow rate 
AhTtme haemen1 (dl) 

AS=Change in storage 
S,=Slorage at stan of time interval 
S,=Sluage at end of lima interval 

The following procedure is used to perform the actual hydmgraph muting: 

1)RautingisperIormadusingthespcifiedtimaspanand timeinffemenl,andbeginswithnowa'ter 
stored in the reach. 

2) The new reach storage (SJ is calculated using the above equation with the previous mtes of 
inflow and outflow. (Using the previous value allows "on-sequential flows. lor which the current 
inflow is unknown.) 

3) Using the new storage volumw. a new flow depth is calculated based on  the assumption of normal 
flow. 

4) Using the  new flow depth. a new discharge is calculated h o r n  Msnning's equation or from the  
user-defined stagedischarge relationship, 

5) Steps 2 through 4 me repeated a t  each time interval until the entire bydmgaph has been 
developed. I 

Additional considerations apply to all simultanwus routing procedures as described on page 88. 

._ . 
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Section 19 - Pond Storage Calculations 
0 

All pond muting tu2k&pes requke basic inlotmetion about the ponds stage.storage ralalianship. 
HydmCAD pmvides several optionr for obtaining this inlormation: 

I) Direct entry of nrmuloliw (total) storage at various elevaqona 

2) Entq of incremcnrol storage, that 18. the volume ofhanzomtal sections a c m  tho 
pond. These d o n a  are summed by the p m g s m  co pmduce the cumulative 
storage. 

3) Entry of surfon m et various elevations. h m  which HydmCAD determines 
the inuamcntal (and cumulative) storage at each elevation. 

The third option is often the most convenient. since 11 usen reaWy available dah, such a8 the 
s h e  area at each mntour elevation. 

Pond Shape 

Knowing the ponds general shape allows an accurate determination of the storage volume and 
wattedara4hasedontheaurtacearea speci.6edateachstage. HydmCADpmvidesspeci.6cvnIume 
calculations for the following basic pond shapes: 

Prismatic 
Each stage iS taken as a horiwntal section of a prism. This provides accurate volumes for 
four-aided ponds when %em. one or two (oppoabg) sides of tho pond are sloping, and the othsr aides 
anr vertiral. The traditional 'average area" method accurately determines the volume of these 
shapes. ( S i c 8  the aspect ratio of prismatic shapes is undefmed. the wetted area u L M o t  be 
determined. mabing this shape incompatible with e&trationcalculatiooa. Oneofthe other shapes 
should be selected when wetted area i s  required.) 

Pyramidal 
Each stage ia taken ss a horizontal mt ion  o f a  pyramid This assumes four sides of equal length 
and slope. and includes any shape with horizontal cross.sections that are square and concentric. 
such 88  a square box. 

Conic 
Each stage iS taken as B horiznntal section of e cone. This assumes circular sections with equally 
sloping sides. This includes any shape with horiwntal crowsections that are c k u l a r  and 
concentric. such as a vertical cone or cylinder. 

'-regular 
are made concerning the shape. Instead. the area and perimeter are specbiad at 

stage. Thisallowsaccurate determinationofwettad area fore wide range of irregular shapes, 
udinp elongated shapes such as trencher or underground storage chambera. 

, -- . 
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Storage Volume Calculations 

4 The follo-g equations a r e  used tocalculate the pond volume. depending on the prevailing shape 
of the pond. 

Prismatic volume determination (Average a r e a  method) 

'ibis technique assumes thst  the areas am horiwnt.4 planes tbmugh apriem." Thecalculation 
involves Laking the average of the area at the top and bottom ofthe section and multiplying by the 
thickness. A l t h o u g b t h i s i 6 a m m m o n l y u s e d m e t h o d f o r ~ v l ~ ~ g v o l ~ ~ , i t s h o u l d h e n ~ ~  that 
i t  is mmpletely armrate only for priamaticsectians. 

' 

V=Vduma of s d o n  
h=Height or sedan 

A,=&= of boltom of %don 
4-Area of top of secpbn 

Conic o r  pyramidal volume determination (Frustum of a cone or pyramid) 

Most real-world ponds are not priamstic. They may be more round than rectangular and may have 
more than two sloping sides. For these situations. the volume maybe more accurat;ly determined 
by assuming that the areas are horiwntal sections of a COM or pyramid. 4 

V=Volume of section 
h=Height of M i o n  

A,=Area of boltom or seclion 
A,=Area of lop of section 

Irregular volume determination 

For ponds with an irregular horizontal section. the actual shape is unknown. however an  
approximatevolumecan becalculated usingtheprevi~usequstionfors~tionsofsconeorpyramid. 
Thisprovides reasonable accurscyfornaturdpnds with equallysloping(orvarticsl) sides,arwhen 
small section heights are used. 
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Adjusting for Available Storage 

Bydefault, thedefined volumaofapoodissssumedtobe IOOWopenapace. Ulheavailablewlvme 
is reduced by gravel. nand. or olher materials. the fraction of open space (voids) must be epeciSed. 

open apace is spec'fiad on the pond storage SCICB~ when 'Set Open Space' ia aelecrod. This muses 
an additional column Lo appear in the ago-storage table. 

~en~etting~p~nspece,avaluemuatbepmvidedateachdefinedBtege. andepplieatolhsstcrage 
betweenthe-ntandprrviouaLineinthstable. ~ereforethefirstopenspacevalueisnotuaed 
io &e ca.hdation.) S t t i n g  the own apace a t  eaeb stage allows fm ponds that am partially Ued 

ith gravel, 6Ued with varying materiala. or cootab void? sucb as pipw or chambers. 

Note: Although the surface ares could be reduced to account for gravel 6U. thia 
wusuld yield incorrect wetted arean and exfiltration results. Hence the nend to 
specify the open apace separately. 

' 

i 

Wetted Area Calculations 

For mme calculations (such a8 erfiltration) it may be n k s s a r y  to determine the wetted area of the 
pond. Several methods are provided, depending on the shape of the pond. (Since prismatic shapes 
have an undefined aspect ratio. their wetted area cannot be determined. One of the following 
shapes should be selected when wetted area calculations are required.) 

. . .  
C=Engfirhvreirmmcienl [ f i l s e c ]  

To obtain a metric weir coeficient. divide this value by 1.81 as deacribed on page 31. 
I. 

Wetted area  for sections of 8 pyramid 

The following equation ia used to determine the wetted.area for a horimntsl section (fNdUm) of 
a pyramid. 

A=Woned (side) areaof section 
h=Height ofsecllon 

A,=Area 01 bottom section 
&=Area of top section 
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Section 20 - Pond Hydraulics 

Thie seetion deLaib the hydraulic ra lcu la t io~  used within HydroCAD: These equatiom are u d  
to determine the disebage of each dsvice under apeciiic headwater and tdwaterconditions. They 
areusedprimarilyindeterminingtheatsge-disehargecurv~(a)florepond Allequationsdetermine 
the discharge Q. in CFS or m'lse. 

Sharpcrested Rectangular Weir 

The hasic equation for a sharpcrested weir ia derived in Own Channel Hvdra p.362. 

=Weir mamcled 
L=med.b ues~ lengm 
H=Head [above mal or lnverl elevation] 

The effective crest length L. may include an adjustment for the number of end contractiona. 

L-CreA lengm 
n=Nurnber of end wntrddons (0. 1. or 2) 

The weir coefficient C variea slightly based on the crest height and the resulting turbulence. The 
Enplish weir mefficisnt in given by: 

C=Weir cocktent [&Ism] 
P=Cresl height [above approach channel] 

To obtain B metric weir eoetticient. divide thio valus by 1.51 as described on page 31. 
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. .  . . ,  , . .  
wen.+ %ea for conic ascti<ii ' ' . ' 

T h a  following equation is used to determine the .ueuad.area foi a horimntal ea t ion  ( h s t u m )  of 
a cone. T b e  resulta are eccuate for all seetiona ofcylindare and cones. making it suirabls for moat 
dry  w e b  and nsmral ponds. 1 

- - . 4 4 6 4  
Wetted ares for i r regular  sections 

~- 
For ponds with irregular horimnral sections. it is possible + detirmine the wetted ares by 
apecitjing the linear perimeter at each stags. Taking this dibtanm as' the circumferrnn, of a chis 
allowvsen equivalent radius and area tobedeter&ed. Substitutinginto the previous equation for 
the wetted area ofa conic section yields a reasonable wtimate of the wetted are= 

A=Wened (sids) area of seciion 
h=Heighl of section 

P,=Parimeter of bottom seaion 
P,=Perirneter of top section 

Q 
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Broad-Crested Rectangular Weir 

A bmadcrested rectengular weir diaera fmm a sharpcrested weir in that the  weir wefficient may 
vary as an arbitrary function of head (See&&ical Hvdradim p.274.) This allows more accurate 
modeling of a wide range of real-world weirs. 

C=W& mehident 
L=Crest lengih 
H=Head [above crest] 

C variea with H by means of a Imkuptable, which supplies the appropiah weir mefficient at 
s p f i c  heads. For intermediate heads. HydmCAD interpolares linearly between the given raluce. 
For heads that  fall outside the given range. HydmCAD uses the h a t  or last coefficient without 
extrspolation. 

Far w e k  h t h  a sharp edged crest. the coefficient lmkup values can be supplied 
sutomsticnlly by specifying the breadth of the crest. Thu, c a u ~ e a  the lmkup table 
to he GUed with coeficicnra aa Lsted on page 130. 

Other west protilee can be modeled by manually entenng we& coe5cienta at  
appropriate heads. A table of vanoua pmfiles is Oven on page 131. 

V-Notch Weir 

The besic equation for n v-notch weir is derived in Hlredboak of Hvdrauliw p.5-15: 

C-Weir memdent 
B=Nolch angle (between huo sides, not fmm vertical) 
H=Head [above apex o f q  

The weir coeficient may he entered manually. or automatically calculated using the f o l l o ~ n g  
equation: 

I 
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Trapezoidal Weir 

me t-pcroidal weir equation ia e more general Corm of the v-notch weir. (Setting the cmst lengh 
mmyiel& the pmvious equation for a v.notch weir.) ' 

b 
C=Welr cue~Want 
B=Notdl a w e  (between two sides. mt horn Wucal) 
H=Head [above weir Uesq 

H,=Head above haglnary apex of V 
L -bngh of hairontal aert [H any) 

I 

me weir coefficient may be entered manuaUy. or automatically determined by Eq. 31 above. 

Submerged Weirs 

The pweding  equations specify the discharge for various weirs under conditions of &ea discharge. 
If the tailwater of II weir exceeds the crest elevation. the crest becomes submerged, and the 
d i h q e  b reduced according 10 the following equation h m  H!r&p?bf Hvdra ulie p.5-18: 

@-Free discharge 
Q=Submerged discharge 
H,=UpsLrsam head above crest 
H,=Downslream head abave ues t  
n-1.5 for rectangular wein 
~ 2 . 5  Iw v&raproldal wein 

Although this adjustment was derivedspecScally for sharp-Ereated weirs. it is also used to estimate 
the &charge for submerged bmad-creeted weirs. 

_. . 
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Rectangular Orifice in a Horizontal Plane 

For an oriiice opening in a horizontal plans. the discharge is given by the basic ofice equation an 
der ivd  in Handbook of Hvdraulica p.4-9: 

C=Discharge mwffidenl (default is .a) 
a=OMm a m  
h-Elfedive head 
H=Headwaterdepth 

TW=Taib&er depth 

Under low-head MnditiOns, you may ala, wish to consider the poasibiliLg of weir Bow 88 described 
on page 11. ij 

$j :$ 

i: 

.- . 
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Rectangular Orifice in a Vertical Plane (c 5/ z 3 %- 
For a recran'gdar opening in e vertical plane, the discharge under m y  head is derived h m  the I dischnrge thmugh II thin horizontal strip. (See Bsndbooh o m  ' p.4-3.) , : 

GDLFcharpe meffident (DefauM Is .a) 
L-SMp length (wiwl  of &) 
g=Gla~tationd mnstant 
Y=Head over center of strip 

dY=Height Of horlronlai ship 

lntegratlng w e r  the height ol the orifim yields: . 

H=Head e k e  inved elevation 
M=Helght of orifca 

When the orifice is partially submerged (H4.4) the term [H-M] becomes 
zem and thk reduces to the wair q u a m  

The ebove equations apply to freedischarge conditions. When ths tailwskr exceeds the o d i c e  
invert, the  discharge is the sum of two componentx 

1) The discharge for the portion of the orace  ( iany) that  liea abour the tailwater elevation is given 
by thepreviousequationa. with the head and height measured hom the tailwater level rather than 
from the invert. 

2) The portion of the orifice that  lies below the tailwater is subject to e constant head W e r e n t i d .  
with the discharge given hy the bsaic orifice equation: 
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Circular Orifice 

The discharge for a circular orifice ia derived in Handbwk of H- p.4-3 

C=Discharge meKidenl (default is .a) 
a-Submerged area 
p=Gravitahal mnstant 
h=ERective head 

Circular Vertical  Orifice 

For an opening in a wrliml pfunr. the effxtive head is given by: 

H=Headwaterdepth above invert 

FRadius 
TW=Tailwater depth above invert 

When pertially submerged. the head adjustment closely approximates the weir discharge of a n  
orifice. It also pmvides continuity between the fully and partially submerged conditions. For 
critical situations. the resulting discharge c w e  should be verified by independent m a n s .  

. 
I 

Circular Horizontal Orifice 

For an oririce opening in a horkoonral plane. the effective head M given by: 

. .  

Under lowhead conditions. you may also wish to mnaider the possibility of weir flow as described 
on pags 11. 

00018s' -_ . 1 
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@ .-ib.:cs T:nut:r iniw-head Conditions 

t z t o  pre?,:w; .:* rher 4uations for openings in a uer t lo l  plane are generally valid under all head 
mnditions. Noad,uilmentis req-d under low-head @~allysubmerged)mnditions. Bince these 
equations reduce to the appropriate weir equation. 

Far orihce openings in a horizontal plane, the equationn assume that the head is large in relation 
to tha orifice size. This can lead to overestimating the d i d a r g e  under low-head conditions To 
ensw6 corrx t  flow under all conditions, discharge can be a u t o m a t i d y  limited to that predicted 

. 

Q=Dischwe Ids) 
L=Cms1 le@ (orlfim pertmeter) [feel] 
H=Head neet above Inverl elevalion] 

Thk will cause the weir equation to mntml s t  low beads, without affecting the high-head discharge 
predicted by the orirrce equation. The result is  u&fd for a range of real-world "orifices." such as 
the top ora standpipe. 

This adjustment is performed automatically whenever "&e weir flow st law 
heads' is selected for a horiznntal oritice. 

Modeling a Grate 

A grate typically consista of several identical openings, each of which can be modeled a s  an orace. 
Theorsce dirnensioneare specifiedloreacbopening,and thedischarge multiplier isused tospecify 
the number olopenings. (This technique may not be appropriate for uerlicol grate6 with circular 
or horizontal openings, since the openings are a t  different elevations snd  therefore not identical.) 
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Types la and Za nrn similar to types Ib and 2b. except for the tailwater dependency. This is  
ammmodated by setring D equal to the tailwater depth whenever this value erceeda the normal 
flow depth. 

Types IC and Zc operate under inlet mnhl .  and the discharge w determined with tbe orifice 
equations given previou~4y. Tbe orifice discbarge coefficient is given by: 

L 

Cc=ConbasuOn cneffidant (default is .W) 

Nola hl for KFS lhis yields Cd0.6. which is the defaull dixhargn 
melfidant f a  a sharpedged WlRm. 

. . .  
The bal determination ofculvert discharge is made by calculating the type Ia/Pa. lb/Zh a n d  Id2c 
flown as described above. The least of these values (a. b. and c) is then used 85 the final discharge 
for B given head 

NOTE: The approrimations used far culvert discharge have generally been found to provide 
a d c i e n t  aeeuracy for most hydmgraph muting purposes. However. i t  ia strongly remmmended 
that the re6ultingstage.dischargeevrve beverified usingindependent culvert data. Ifa s i d r c a n t  
discrepancy is found. the desired discharge data should be entered directly BB a Special Outlet 
instead of u6iDg the built-in culvert equations. 

k 

Special Outlet Device 

The special outlet device is designed lo handle unusual stagedischarge rclationrhips that can't be 
reproduced witb standard devices. With HydraCAD's ability to model complex series.parallel 
devices (see page 84). there should be very few situations which actually require a special outlet. 

A Specid outlet consists of user.defined 6tege.dischsrge curve. The first discharge value must 
always be zero and may occur at  any desired elevation. Additional discharge values are speciIied 
at  higherelevatiow as required toadequately represent the trdeshape ofthe desired curve. When 
chooning the elevations. keep in mind that HydroCAD performs a linear interpolation to determine 
the discharge at  any required intermediate elevations. 

If the last defined elevation is exceeded HydroCAD can extrapolate from the last two values il 
desired. OlheNvise. the final discharge value ia used without extrapolation. 
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When evaluating a culvert. HydmCAD checks multiple flow conditiona in order to determine the  
prevailing mntml 01 mch e~cuoIion. This is hased on sir types of culvert flow 8s identitied in 
u v e r t a  - Hvdmlow 4 Hvdraulrca ' page E-1. (Also See Standard Handbook lo r Civil 
p.21.18,19.) 

Tailwater 
Tvpe Inlet Outlet Slope ?low " w e  Dependent? RwolControl  
l a  ' Submerged Submerged Any Pip Yea Outlet 
l h  Submerged Free Mild Pipe No : Outlet 
IC Submerged Free Any . Channel No ' Wet(ori6ce) 
28 Free W > Y c  Mild Channel Yen Outlet 
2b Free TWcYc. M d  Channel No Outlet 
Zc Free TW<Yc Steep Channel No Inlet (weir) 

W-=MIw*la., Y 4 r i t i a l  h p d  

For type lb .  assuming tha t  the culvert is  full along ita entire length, the velocity is  given by the 
following equation. (See dr Hv draulig page D.11.) 

v=Av=ge v b t y  01 now 
H-Headwaler depth above inlet invert 
D=Deplh of flow (=culver( heighl) 
S=Slope [rtselrun] 
L=Lenglh 

g=Gravilationsl conslant 
n=Manning's number (See table on page 128) 
C=2.22 for English. 1 fw metric 
R=Hydaulii radius 
A=Cross-&lonal flow area 

Ke=Entranw energy loss cneficienl (See table on page 133) 

Type 2b discharge is the sum8 as type l b  except that the depth @) is less than the culvert height 
Under these conditions, open channel flow erista and backwater calculations must be performed 
lo precisely determine the  depth. To reduce calculation time. the depth is approximated by: 

Rather than directly determining whether type Ib or 2h flow edsta. HydmCAD use6 the lesser of 
this depth and the culvert heitht. This also ensures continuity between the two flow conditions. 
with the cmss over -wring when the head ia 413 of the culvert height __ .  
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Exfiltration Calculations 

Since e d t r a t i o n  is incorporated into a pond's stagedischarge c w e .  i t  is clansiiied as an 'outlet 
device.' Ermbation is alru, distinct from an  'inflow 1066." in that it continues to oec~v even when 
there is no inflow. 

To separate exliltration €-om other ' h a "  outtlows. it in uiually direckd to the discarded outnow 
to prevent fvrtber routing. Although h e r e  are few standards a8 to how to determine exfiltration. 
HydroCAD provides two basic procedures that can be used to implement a wide range of design 
methods: 

L),A constant eltiltration rete Q may be @ed in CFS or mVsec. Thia value may be applied 
whenever thare is water in the pond. or only when the level e r c d s  the specifxed 'invert elevation.' 
This feature may be wed to model a pump or other 'outlet- that  " t m  on. st a given elevation. 
The mven may a h  be used to prevent s d t r a t i o n  tbmugh flower) lmpenious regions of the pond. 

2) An erfiltmtion velocity V may be s p e d e d  m FPM or m d m h  Thw is multiplred by the 
available extiltration ares at a given elevation to determine the h a l  erhltrstion rate. 

QpExfilbatim al elevation Y 

&=WlBation area a1 elevation Y 
v=ExT,ibalion velodty 

The erfiltration ares may be defined in two W B Y C  (A) if all elhltration is assumed to be downward 
(none through the sides of the pond). you may use the pondk surfocearea; (B) ifexfiltration occurs 
thmugh all erpased surfaces regardless ofslope, you may use the pond's wetrcd arm. , 

You may also elect to exclude the area of the pond that lies nt or below the invert elevation. This 
option causes the discharge equation to be m&ed as fdOW6: 

4 

&,=€dillration area al invert elevation 

Thiscausesexfiltratian tooccuronlyover the area ofthe pond that liesabow the invert elevation. 
and is useful in preventing exfiltration through impervious Oower) regionsofthe pond. 
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Tips for Using ErFiltration 

Using surtacs area “6. wet ted  area 

For ponds with gentle side-slopen, the surface mea and wetted area are almost identical, and the 
two methods w i l l  give similar resulk In such c e ~ e s .  the surface  are^ method is recommended Cor 
simplicity. By basing axfiltration on surfnce area, you are stating that all flow is essentially 
downward Only horizontal arm (above any invert) are available Cor exliltration. All vertical 
MLU~ are excluded. 

you wish to allow e d t r a t i o n  though vertical surfaces. such 8s the sidcs ofa  dryssell. thsn you 
ustspecifywettedarea (Seepagc69fordetailsonwettedareacalculations.) Asalwvays,itisyour 

rrsponsihility to ensum that  this mmputation i s  applicable to your particular aituation. 

U s i n g a  percolation rate 

Am~uredpenxrlationrata~beconvertcdtoanequivalentelfiltrationvelocity hytheCoUowing 
equation. However. other Cactors must be considered to determine iI this is a reasonable design 
value for a proposed exliltration area. (For example. can a large pond be expected to perc for 24 
hours s t  the same rate 88 II small test pit Cor over e much shorter period?) 

V=E$it-alion velocily PPM] 
P=Perc Rate [Mlnutes per Inch] 

Advanced techniques 

. While most cases will require just a single exliltration device. it i s  also possible to use several 
exliltretion devices on a single pond. Thiscould be used to model multistage exfdtration schemes. 
such as a dyweU that overllowa into a petforatad pipe. 

As with all pond designs, you should n e w  and understand the stage.discharge plot to make sure 
the pond i s  exhibiting the behavior you expect. Do not rely solely on a review of the  hydrograph 
where the pond’s behavior i s  intertwined with the complexities of the i d o w  hydrograph. 
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Section 21 -Pond Routing Calculations 

Before muting through m y  pond, the storage ve. elevation (stage.storage) and the discharge vs 
elevation (atage-discharge) relationehips must be determined as  described below. 

Stagdtorage Calculations 

The cumulative stage-atoragecurve may be entered directly. or HydroCAD ULI~ sum incremental 
valuer to determine the cumulative storage. A third option is to enter surface areas at certain 
elevatiom and haw HydmCAD calcvlata the storage. (These calculations are derailed on psge 68.) 
Inanycaae, a minimumoCtwo storagspointa are required La permit interpolation far intermediate 
elevatiom. You should w e  BB many points necessary to accurately represent the true stage. 
storage e w e  Cor the pond. If the available atorage space is leas thsn 100%. or a storage multiplier 
is specitid the atagestorage curve is adjusted by these faetora. 

Stage-Discharge Calculations 

The stage-discharge c w e  is nutometically compiled based on the selected outlet devices. Each 
devics b evaluated using the equations in the previoua s d o n  Each outlet also haa a ‘discharge 
multiplier* which may be used for adjusting the normal ratingcurvs or handling several identical 
devices 

The individual outlet devices are 
mmbmed intoone. two, or three stage. 
disehrrgecwes b d o n  the specsed 
de- muling. In the ddaault 
a n I i g u n t i o s  all outleta are routed 
directly to the primary outflow, an 
shown in the sample stage-discharge 
w e  at right. They ore considered to 
be independent, poralleloutlets whose 
flown am additive. The composite 
stagedischarge e w e  a v e r s  the same 
elevation range Cor which pond storage 
is defined. with the total discharge a t  
each elevation determined by addina 
the discharge fmm each individual 
device 

Ifanydevicesare muted tan srcondDryordircordodoul~~~.  additional stage-dischargecuwes m e  
ampiled using the same haaic prwsdwe. Each device is included in the slage.discharge curve to 
hichilb muted. Topercorm theactualpond routing. e lololdischorgecvrwisobtained hyadding 
eindividualcurvea. When mulingiscomplete, thetotaloutflaw hydrograph issplitintoprimary. 

ndary. and discarded outflows based on the ratio of the stage.dischargeeurves. This pmduces E. an automatic split.Oow, or ’diversion.” This is most commonly used when one or more ouueta 

requireaeparate routing. such as an emergency spillway or an extiltration outflow. 

- $ 6 6 4  
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Compound Outlet Devices 

MorecomplexoutletecanbamodeledhyplaMgstendarddevicesinreriu. horifiea.forerample, 
could be routed through a culvert To calculab the disebarge at  each elevation, HydmCAD 
evaluatse the staddard flow b u s h  each device, and u w  the lower (contmlling) flow to build the 
stage.discharge curve. By making thia ampariaon a t  each elevation atep. M e r e n t  devicea may 
control the outflow at m e r e n t  pond stages.” 

000187 
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Even more complex outlere c m  ba 
modeled by u t i h i i g  simultaneous 
s e r i e d p d e l  device combinations. A 
surndpipe is a wmmon example oC a 
&ampound outlet device. This wuld be 
modeled by a combination DfsLandard devices 88 shown in the schematic reprreentation a t  r ight  

Reading from the bottom UP: Device 3 is a horizontal orifice representing the flow into the top aC 
the riser. Device 2 is used to model one or more opening8 in the  side of the riser. Devices 2 M d  3 
are iummed together. and routed thmugh the final outlet culvert, device 1. 

This graph shows a typical stege- 
discharge curve for a pond with a 
compound outlet. A culvert i s  
positioned with the inlet invert at 
50 CceS however. no discharge 
occurs until the water level reaches 
an oWce 50.5 Ceet. m a  example 
might represent an orifies plate 
used to reduce the flow through an 
existing culvert) Above 50.5 feet, 
both devins arc evaluated to 
determine which wiU control at 
eachelevstion. The resulting curve 
is lsbeled ‘pri” Ior primary. 

Thisexamole also includes a broad. 
crested weir which is directed Lo 
che secondary discharge. 
separately &om the culvertlorifice combination. 

This might represent an emergency spillway that i s  being routed 

When describing compound outlet devices. it i s  generally easiest to st& with the 
/ i ~ 1  device (such as the culvert shown above) that contributes directly to the 
primarydischarge. Then work up from the final device, entering each device tha t  
limitn flow or mntributea to the discharge. The p m e s s  i s  then repeated Cor s n y  
secondary andlor discarded discharge. 
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H:;dt.:.'j$ ,.;ioizntly pmvides two basic procedures for pond muting: 

Storage-Indication method 
simultaneous pond muting 

Storagr..fodication Method 

he ei.:vfl.-;.:dicatioo method is baaed on the conservation of mass. as erpresaed in the following 
I a t i o f i c I ~ ~ ~ .  (::a HvdmloaicAnalvsia and D p.545.) e. 

I=lnRw rale 
o=OutRouv (ale 
A:=lime lncremenl (dl) 

AS=Change in storage 

Using subscripts 1 and 2 to denote values a t  the beginning and end of the time interval At, yields 
the following expression: 

Rearranging the equation with unknown terms on the left and known terms on the right yields: 

The right hand portion of this equation is known as the storage.indication value, which can be 
evaluated at any stage (elevation) using the stage-storage and stage-discharge relationships 
previously determined. 

Perfomling t h e  Storage-Indication Routing 

Thc following procedure is used to perform the actual hydrograph muting: 

I) The pond's stsge.discharge relationship is calculated based on the specfiedoutlet devices. 

2)Thestage-storage relationship isdetermined from thespecified stage.area orstage-storage data. 

3) The stage.discharge and stagestoorage curves ere used to create the storagekdication curve. 

_- . 
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Additional Routing Features 

In addition to the basic muting procedvre described above. HydmCALl provides the following 
special muting capabilities. 

1) The intlow hydrograph is autometically adjusted for MY base flow (or inflow loss) by odding (or 
subtract&) the Specified value from each point an the hydrograph. U"automatic base f l o g  is 
seleaed. the base flow is  wt to the pond's discharge at  the specilied starting elevation This places 
the pond in an equilibrium condition (stable water surface elevation) when muting begins 

'L)Ilastartingelevationisspeckied,routingbeginsariththeweterattbislevel. Ifthisisabove the 
lowest outlet devin. the pond beginn discharging immediately, possibly before any idlow has 
&curred. U the starting elevation is below the lowest device, no outflow occur8 until this level is 
attained. me outflow volume will also be reduced by the amount of storage below this level.) 

3) Routing is normally performed using the time internal (dt) of the irQow hydrograph. although 
a 6ncr interval may be specified for each pond to provide improved tracking. The normal d t  is 
dividcd by the spedied h e r  muting value. Finer muting (usually 2) can ale0 be used to eliminate 
any oscillations in the pond's outflow, which ariu ueually be indicated by a speekic waming 
message. 

4) If the peak elevation exceeds the specilied flwd elevation, a wamini  mesaage is issued and 
routing wi l l  conlinue. The setting of the flood elevation has nu effecf on the routing itself. 

Simultaneous VS. Sequential Routing 

Previous vereiom of HydrnCM provided only sequential routing techniques, in which each node 
is muted in ita entirety before the next node is evaluated. The storage-indication method is oneof 
the most common sequential routing methods. This technique requires a static rating curve, that 
is, thestagedischarge relationship must be known before muting begins, and cannot change until 
the muting is complete. This prevents any node from responding to downstream conditions (such 
as varying tailwater) and enforcer a sequential evaluation of the watershed 

To respond to downstream variations it is necessary to use a simultaneous pond muting technique. 
in wbich all nodes are routed essentially at the same time. To produce this eUect, all nodes are 
muted one lime increment a t  a time. allowing them to respond to changes elsewhere in the 
drainage system. (For details see Tailwater Capabilities on page 89.) 

Whilasimultanwusmutingtendstopmvidegreatercapabilities. it isinherentlymorecomplerand 
requires more t i h e  to perform. I t  may also require that upstream nodes he recalculated. if they are 
sensitive to tailwater that has changed as a result of downstream modkications. 

ce HydmCAD now pmvides aeh&ceofseguential and simultaneous routingtechniques,you can 
t the best approach for each project. In general. the storage.indication method can continue 
usedforprojetta thatoperate with Ireediechargeorfixcd tailwaterconditions. TheSl method 
has the advantages of being fast. widely used. and compatible with TR-'LO pond routing. On 4 t eother haod.systeme that are influenced by variable tailwaterconditions may be better handled 

by simultaneous muting. 
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b 
bo 1 ZY+ 4) Routing is performed using the speci6ed time span M d  time increment. At each pomt in rime. 

a storageindication value is calculate3 baaed on the current i d o w .  plus the previova idow.  
oulllow. and volume in the pond. 

5)  The current fibrage-indication value and thE storege.indication m e  are used to determine the 
new elevation. 

6)Usingthenew elevation. thestags-storagaand6tage-dischargecurvesaremnsulted todetermine 
the new storage and diecharge. 

7 )  This p- is  repeated for all points in the inflow hydmgrsph pmducing a complete outflow 
hydmgraph as shown below." 

Special  Considerations 

When using the storage-indication method. keep in  mind that a zero velocity is sssumed in the 
pond. This is an  aCcUrate assumption for most ponds where the itorsge volume is large in 
comparison to the  inflow. However, i f  the velocity approaching the outlet device(8) is significant. 
this method may underestimate the discharge and overestimate the peak elevation and storage of 
the pond. 
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Simultaneous Pond Routing 

The Sim-Aoub pond muting pmeedure allows each pond to respond to dynamic changes in the 
watershed.such~avariahla~watercrealed hyadoamstraamnoda l ' h i a p m e d u r e m - w d u a ~  
the pond'a discharge capability at each time increment during ths muting, rather than using the 
static stage-diecharge relationship employed by the storage-indication method. 

Siulta~nwus pond muting ia based on a direct application of the basic equation far conservation 
of mas. (See Hvdmloeic Analv sis and Desim p.545.) 

a 

. l=l"flwrale 
o=oumowrals 
Abl7rne incremenl (dl) 

AS=Change In sloraga 
S,=Slorage at start of lime inlernl 
S,=Scorage d end of time inlerval 

The following p r d u r e  is  used'to perform the actual hydrograph muting: 

1) Routing is performed using the specified time span and time increment The initial storage is 
aasumed to be zem, unlw an initial elevation is specified. 

'L)Thenervpondstorage(SJiacalnJaledusingtheaboveequationwith thepreuioura tesofMow 
and outflow. (Using tbeprevww value allows non.sequential flows. for which the current i d o w  
is unknown) 

3) Using the new storage. a new elevation is determined directly from the stage.storage 
relatiomhip. 

4) New outflow(s) are calculated using the new pond elevation (the headwater) and the previous 
elevation of each downstream node (the tailwater.) Each outlet structure is directly evaluated 
under these conditions. without use of an  interrnedists stage-discharge table. 

5) Steps 2 through 4 are repeated at each time interval until the entire hydrograph has been 
developed. 

Special  Considerations 

When performing a simultaneous muting. each outflow is calculated based on the inOdG,boutflow, 
and elevations that existed a t  the preuiovs time step. This eliminates the need to calculate the 
nodes in a rued flow order, making it possible to model systems where the nodes may not have a 
fixed linear sequence. However. i t  also intmducee an inherent time delay. which can be minimized 
by using the smallest feasible time increment. 

Since this technique directly evaluates all outlet devices a t  each time increment. i t  eliminates the , ~.~ 
approximations inherent in a pmcalculated stagediwharge c w e .  as used by the 
storage.indication method. The drawback is slower calculation time, particularly with small time 
incrementa. 

Q003.88 
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Tailwater Capabilities 

In mntmst, a simultaneous muting method updates all interdependent nodes at each time step. 
providingthspo~ibilityforeachnodeto~pondtothecurrentwnditionofiuneighbors, including 

Master they may produce. In order for t d w a t e r  effect.4 to be automatically ammmodaled. 
two conditions must exist- 

i )~euppernodemustueeamutingpmedure  thatis'tailwster.awaara' That is, 
it must take thedowvnstresmco.dition(tailwater) intoacmuntwhen performingthe 
muting calculation. 

2) The lower node must use a muting procedure that defines a water surface 
elevation, which is seen an the tailwater for inflowing nodes. 

The fouoaring table summarires these characteristics for each type of node when using the 
Sim-Route procedure. 

no I no I 
Applying the previous rules to all nadewmbinations indicates that automaLictdwatercalculations 
occur for the following combinations. 

A pond flowing into another pond . A Dond flowing into a reach 

Reverse Flows 

HydmCAD is designed to model flows that  ooclv in the same dirrction as the outflow m w s  on the  
muting diagram. II the potential e& for flow in the reverse directiok an approprieta wpaming 
message ia issued. Since HydmCM does not aubmaticsUy model rever r  flows, the u m  mvst 
h&e appropriate action to address the situation This may include the foUowing options: 

1)Systemswithtdwatsrorreve.erseflow effecrsshouldgenerallybemodeledvsingaeimultaneous 
routing technique. This d o w n  each pond to respond to dynamic tailwater conditione. 

2) To model a revem flow from one pond to anorher. c i a t a  an appmpriata outlet going in t h e  
reverse direction, Lhat is. muted from the l o w e 9  p n d  to the b p p e y  pond. mi wil l  appear an 
thediagram aaadouble.endedarrow.) Thisoutlet will mirmrthenormaldoarnflowtmmtheupper 
pond, but is described h m  the standpoint of water flowing in the opposite di r ra ioe"  

, 
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Section 22 - Link Calculations 

Basic Applications 

A link is a multipvrposa mechanispl that can be used ta 

Manually enter a h y d m p p h  
Import a bydmgrapb kom an ASCII 618 
Import a hydmgraph kom another pmjezt 
Apply a now threshold or flow limit 
Change the duration of a hydmgraph 
Rescale a hydmgapb to a diaerent peak . Sum hydmgrapb without psrforming any routing 

These capabilities are provided by the following basic types of Links: 

.. 

An Internal link is uaed to process only the M o w s  that are wnneded on the 
muting diagram. 

A manual link is ueed to manually enter an  arbitrary hpdmgraph. 

A fde link is used to read a hydrograph from an external dam fils. Thia 
capability can be used to import a hydmgraph from another program. or to Link 
aeveral pmjecrs as described below. 

Note that any type of link may hare M o w s  on the muting diagram. For a manual link or tile b.k. 
the imported hydmgraph is added to any inflows shown on the diagram. 

Advanced Settings 

A link alcn provides several r t t inga  that can be used to perform special hydrograph operatiom: 

maw Tbrerhala II a threshold is speei6ed. only the portion of the M o w  thst  exceeds this value is 
rerained. The default threshold of zero causes all flow to be passed. 

U s  limit is specilied. only the portion of the i d o w  below this Limit is retained. 

Discharre Multidlirr Afterapplyinganynow threshold andlor limit. eachnow ismultiplied by this 
value. The default value of one produces no net change 10 the hydrograph. 

M u l W  Scales any external i d o w  to s diBrent  dwstion. The default value of one 
roduces no net change to the hydmgraph. lntornal (anscreen) inflows are M L  affected by this 
tting. 

(The Time hlvltiplier allows the use of dimenaionless hydmgraphs, as used for 
rvnolistudies in Ohio. A link fileconbinine the Ohio rural hydmgraph is included 
in the Ohio rural hydrograph.hce file supplied with HydroCAD.) 

D 
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Link Routing Procedure 

The basic linh routing p m e d u r s  is M follows. 

1) Ua Time Multiplier is spedfied. it is applied to any external innow by multiplying each time 
ordinate by this value. The time multiplier has no eKect OD MY intornal (omreen) flows. 

2) The adjusted external inflow is mnverted to the current time span and dt, and is added to any 
internal (onsereen) inflows. The result is considered to be the total i d o w  Ior the link 

3) If a Flow Threshold is specified, only the portion of the inflow hydmgraph above the threshold 
is retained. 

4)Ws Flow Limit in specified. only the remainder of the inOow that f& below the threshold is 
retained 

5) F a  Discharge Multiplier is specsed. each h y d r o p p h  ordinate (flow) is multiplied by the  
specmed value. 

6) If the Flow Limit Threshold, or Discharge Multiplier has caused a reduction of the i d o w  
bydmgraph. L secDnde.ry outflow wil l  be generated containing the remainder of the f l o w  
hydmgraph. In some cam this may then be mufed separately. providing s besic flow-diversion 
mechanism. 

The results of these operations we readily apparent upon viewing the Id's hydrograph, which 
shows the i d l o w  and outflow c w ~ i  as deacribed above. 

Q 
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Using a Link to Model a Large Watershed 

If you e-d the node capacity of your program. you can b v k  a p m j e t  into two (or more) sgtions 
and then mnoect them using an automatic link. (This technique does wf apply to the H y e A D  
Sampler. which d o u  not hsve the M e  e l p o r t  capability.) 

' 

I) F k t  b r e d  the project into taro or more sstions.  You can do this by 
dragping nodes h m  one project to another. or by cut-and-pasta. One pmject 
fi typifauy a n t a i o  the upstnam portion of the watershed, and wi l l  end 

Verifv the calculation settinga for the upstream portion of the projet. 
e ~ e  muat be net independently for each section of the projgt. On the 

AdvM& lab ofthe calculation eettinga. set the Export Mode to Wnmuted 
Outflowa" and cljck OK. 

3) Close and save the upstream pmject 
sutomatically updated and exported. 

4 )  Open the downstream portion of the split project and create n Link. Edit the link and seleft F h  
unh. Select the File tab and press B r a -  to see a List of available export files. Select the desired 
me from the upstream portion of the project. 

5) If the tile mntaiM multiple outflows. use the "File Hydmgrsph" box to select the desired 
h y & p p h .  Click OK to save the link's description. 

QI) unmuted outflow. 8. Bhow a t  right 

Upseream section b 
Aa the pmjed in cloned, the unmuted nodes are 

6) You can MW mute the link's OutOow on the d i a p w  aa shown a t  
the right. The link d automatically import the hydrograph as 
calculations are performed. 

Imporrant: If you change the upstream pmject while the 
downatresm portion is open. the downstream project w i l l  retain the 
earlser (outdated) i d o w .  To update the downstream prolect you 
m u t  either (1) close and reopen the downstream pmject. or (2) 
Select sotungsplculstlon and press OK. In eitber ceae, you must 
close the uparreemprojutinorderbr theelported flow(s)tobemme 
available. 

Downstream section 
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Section 23 - Additional Calculations 

This section erplaioa the pmedures used to celculata certain valuea appearing in HydmCAD 
reports, and to pedorm certain hydmgraph operations. 

Hydrograph Parameters 

The peak flow for each hydmgrapb is calculated using the three highest p i n t a  on tho 
hydrograph." A parabola is 6tted to theae points and the apex of the parabola speci6es the h u a  
peak. Tbia eliminated varietiom in the p d  that would occw if only L .ingle point were 

.considered This improvement in accuracy ia most pronoun& with a narrow peak. where the two 
closest p i n t a  fall on either side of the peak and may be neveral percent below the actual peak. 

The peak attenuation indicates the percenage reduction in peak inflow caused by a routing 
operation, Thia is delermined by comparing the peak of the iQow and outnow hydmgrapb M 

calculated above. 

The time of peak  is determined by the name parabolic fit to the three highest points. The apex 
oftheparsbolaeatablishes a timeofpeakwithfargreatar resolution than thetimebetweenpainta. 
Like the peak flow, this value is not affected by the placement of the poinfs on the "true- curve. 

The time lagcaused by (I reach or pond is the dfierence between the time ofpeak obtained h m  
the iQow and outflow hydrographa. (Tois is distinct from the frnuel lime. described below.) 

The hydrograph volvme is determined by integrsting the flow over the time span of the 
h y d m p p h .  Since the volume can include flow only within the given time span. any flow befora 
or after is excluded. Alm note that the Lag introduced by a pond or reach cen cause a discrepancy 
betwean thecalculated i d o w  andoutflow volume. Ifneceaeary, thiacan be remedied by increasing 
the calculation time Span to include the entire duration of the inflow and outflow bydmgraphs. 

Thepeokelevntlon,peakdepth,andpeakstoregearedeterminedbyinterpolation, in thesame 
manner as peak now. (This ia I change from HydroCAD-5. which reported the highest discrete 
value ne the peak.) 

The marirnLm velocity is  the largest value obtained by dividing each discrete flow rate by the 
correspondingcmss.sutional area. This result may be somewhat &&rent than dividing the peak 
flow by thecorresponding area. 

The average velocity is determined by averaging the flow retedivided by the corresponding area 
a t  each time interval during the muting calculstion. 

The travel time is calculated by dividing the length of the reach. channel or pipe by the velocity. 
r a reach muting, the average and minimum travel time are calculated using the average and 
ximum velocity, respectively. For some reach routing pmedures. the travel time is used to 
her lranelate (deley) the outflow. P 

4 6 6 4 ' 7 0  / S % z  External Data u s  
External data Nes nne mmmody used to mmed separate pro;& with a N e  link. as described 
above. HydmCAD sutbmatieallyveates and deletea thua files M r e q W  baaed on the Export 
Mode. Externaldata files mayalmbeMatedmanuallyorgenereted h y o t h e r s o f t ~ a r a  Theaears 
ASCII text Nea with an J- ellenaion. and must follow the format described in the sample tile 
LinkTeslhce 

To edit M ertemal frle by hand, click on the N e  and select 'Notepad" when asked what program 
youwsanttousetoopeniL W~dowsariOremembuthi~nelectionthanerttimeyousttempttoopen 
en external data He. 

Eirunal61ea created by HydmCM) use the same fde =me as their project, with a tilde and the 
node number added to the en& If you create y a w  own external Nes. you may una any name thst  
does not match thia format Any Nu that match this spediccation will he overmitten each time 
the pmject is opened by HydmCIID! 

To import a n  external data m e  inta HydmCAD. create a N e  link on the diagram and use i t  ta 
import the hle. 

Export Mode 
The Erport Mode indicatu which node outflows (if any) d l  be exported from the m n t  proiecl: 

None: No nodes are exported. (default) 
Unrouted Outflows: O d y  unmuted oufflows nre exported 
AI1 Outflows: AU node oufflom are erported. 

The arport mode in set under So(UnprlC~1culit ion:Adv~n~~.  When the pmject ia saved end closed. 
the specifted outflows are  exported. The exported data is MI available while the project is open. 

Theexportmodeallows HydmCADtonutomaticaUy exportcalculation results toe tileforuse with 

Q 

anautomatic linkor withathersoftware. In order Lo conserve diskspace. the Export Mode should 
normally be set to 'None.' 

If you plan to mute the current project into another project usmg a link, use the "Unmuted 
Outflows. setting. T h s  optimizes disk space by exporting only the outflows that are not being 
m u d  on the diagram. Thin d l  include all outflows that are likely to be imported with e Link. 

The "AU Outflows' setting should be  used only when absolutely necessary. since it can consume 
largeamountsoldisk space. (Thn exact smount depends primanlyon the numberofpomtaineach 
hydmgrapb A 1000.point hydrograph requircs about ISK of storage Der ourIlow. or l5OK for a 
10.node project ) 

4 _- 
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Adding Hydrographs 

When adding hydmgrapb with theanme starring time (To) and time interval (dT). the ordinates 
atmatchingtimeaareaddeddiretly. Ifthe hydmsraphsdiffera.toToordT,sucb~ectaddition 
is not possible. (Thin can o c ~ r  when using a link to i n d u c e  an external bydmmpb.) In this 
cam. HydmCAD will interpolate h m  the external hydropaph in order to obtain values at  the 
=me time steps as the current project. The resulting hydrograph will alwvays hava the same time 
apan and d t  IIB the cumnt  project. 

Detention Time 

When addressing wnter quolify, one of the more useful and objective measryes ia the ovcroge 
& & d o n  time. Thin is a measure of how long water ia detnined in a pond or other impoundment. 
and PUI be used to determine the time available for removal of sediments or the neutralization of 

d S e d i m e n t o l a r  Disturbed runo8mntimiuanta. @or further details s e e m e d  Hvdmloev am 
&$&$ p.267.) 

The center of mans method one of the most basic methode ofcalnrlating detention time. I t  
esaluatas thedifference in timebetween thscenteer~f~maesoftheinnow andoutnow bydmgraphs. 
One of the chief advantag- d thin technique ia thst  it in e i d y  calculated, and can even be 
estimated graphically. However. the technique does not consider the actual movement of wster 
thmugh the pond. and can fail to give a gmd measwe of detention time in many situations. 

The plugllow method provides a more physically meaningful meaaure of the average detention 
time. This technique divides the inllow hydrograph into a numberoflplugs'ofegual volume. and 
then calculates the time between each plug entering and leaving the pond. The average t h e  for 
all pluga ia then calculated and used as an overall measure of detention time. 

HydroCAD employs the plug flow method to determine the average detention time for each pondm 
The fheorefied detention time is calculated by aesuming that water initially in the pond is allowed 
to discharge before the firjt plug &om the inflow is allowed to discharge. This "fiat-in'fmst.out" 
assumption will yield e marimum detention time.. and means that the amountofweter initially in 
the pond will affect the calculated result. (Since aU weter io the pond is dinplaced before any of the 
inflow stnrts to discharge. the detention time is increased by the time required to flush the initial 
volume.) 

Any water retained in the pond. or discharging alter the epecitied time span. is excluded horn the 
calculation. Toobtainan accurate measureofdetentioo time. i t i s  thereforeimportsnt tousea time 
span that allows the pond to discharge fully. This CM be determined by comparing the volume of 
inflow and outflow. These should be roughly tbe same (unlesr the pond WM surcharged or water 
wae retained). Alsocompare thevolumeofflow included in the plugflowcaleulation(~hisisshown 
to the right of the detention time). For nccurste (maximum) results. this should be close LO the 
volume of the o u t h w  hydrograph. 

Whenevaluatingdetention time regulstions.care m u s t h  taken tounderstand theexactstandard 
that must bs met. Wording such 81) 'detain the ten-year storm for 24 hours" is common but is 
sometimesincomplete o r  ambigtous. The plug flow method provides a moresmcific standaid that 
can be used to address water qunlity issues related to detention time. 

004)1!30 
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Section 24 - Calculation Messages 

appEndh liala samples 01 the various messagw that may -UT dwing runoff and routing 
alc&,tlons. In actual use, the t e a  ofeach m e s s a g e d  vary to reflect tha exact aituanon. however 
tha message number (shown in brackets) prill remsin the name. 

m e n  running HpdmCM. you can click on any item in the mesaage window for 
complete information. Thia d l  d k p h y  &e entire text e h o m  hem. an wel l  aa Links 
to relatad topics, calculations and de6rdions. 

I ]  Nota: (node) Duplicate nods  number  sk ipped  P A node wae encounterad with I! number that was a h s d y  in uae The node is likippd, and tho 
pmgram mntinues to p m u s  any additional oades. 

m-ge mually m r a  while adding B project that mnrains nodes that don't have unique 
numbem. Before adding a project. you should generally renumber any nodes with conflicting 
numbers. To add any nodes that were skipped. renumber the epplicable nodes and add the project 
aga in  

The message cen elso o c c u  when pasting nodes from the clipboard. or opening e project that  
Conmine duphcste node numbers h p :  To make a clone 01 an existmg node use Ctrl.drag (rather 
than cut and paste.) 

[oz] Notc: Excneded node capacity 

The current pmject has exceeded the nominal node capacity 01 your program. 

You can continue to work with the project, but you will not be able to save the project or produce 
multi.psge reports unless you reduce the number ofnodes. 

Wnming.Ilyou'reusingtheHydroCADSampler,yourchange.vrill belostwhen thesampler's time 
limit expires. To save your project you must reduce the number of nodes before the time limit 
expiree. 

(101 Note: Updat ing  to (nods) a s  needed 

Routing calculations ere being performed up to a specific node. To save time, downstream nodes 
are "ot being calculated. unless e aimultenmus routing i s  being performed. Any other nodes will 
be automatically updated when required. 

1131 Note: Time s p a n  = 5-20 hrs, d e  .OS hrs. SO1 Poin ts  

This message indicates the time span and time increment (dt) being used u) generate and route 
hydmgraphs. The message also indicates the number of points in the resulting hydrographa. 
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This m-p i n b l f a  that all the caledshona requmd et t b  b e  have bem completed Some 
nodes may oot have been updated. J thou results were not unmebately r e q u r e h  

140) Hint: (nods) Not described 

No deaEnptton bas been entered Cor the d e ,  or the data is inmmplela. For n aubcswhment. n o  
rumBls produced. For e reach, pond. or h k ,  any rnDow 18 paoped thmupb u c h q c d .  

To descnba the node. s ~ l e c l  NaYlEQt 

An uodmnbed node can be wLlrl d-p mttal dcmgn work. sine 11 allowe a node to be placed 
on the diagram but not described until later 

1481 H i n b  (node) H a s  no Innow (Outflow=Zero) 

This node hm.90 inflow on tha muting diagram, BO it will produce no outflow unless it bas n base 
flow andlor isutial water e d c e  elevation. 

1451 Hint: Subca t  Runoff=Zam 

The subcatchment has produced no runOK. This can occur in any 01 the lollowing SituatiOM: 

1) The enlire runoff may be m-g  before or aRer the specfied time span. To change the time 
span UQ(I %mngs(c.hi&n. 

2) Far the SCS or SBUH methods, the rainfall depth may be inef ic ien t  to generate any runoff a s  
determined by the SCS runoE equation. This i. normal when low rainfall depths are used in 
eombination with low curve numbera. 

(461 Hint: SuhcntTc=O (Instant runoff peak  depends  on dt )  

When the time-okoncentretion is zero, the precipitation excess appeara immediately as mnoU. 
Since the calculated peak flow is based on the average over each time interval (dt). using a longer 
d t  (in relation to the peak duretion) will yield a lower 'peak" flow. 

If the instantaneous pesk is required. reduce the dt. 
sdnprlcalwlruon: n m  SPM. 

' 'qte: The calculared runoff volume is not effected by the d t  setting. 

The d t  may be changed using 
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71 /223,z 1161 Note: Runoff by SCS TR-20 method, U H S C S  

Thism~geindicatestbemetbodbeingusedtopmducerunoffhydrographe. Whenusing theSCS 
method. the mesaage also indicates the Unit Hydrograph 0 beihg employed. 

When using the Rational method. the message i n d i a t e s  the hy-aph risdfd ram. These 
parameters mey be changed with s t~qs~caI~ulat ion.  

[lSJ Note: Rainfall  Durntion=ZO min, In tes4 .aO idhr  ... =- 4 6.4 4 
This message indicates the rahfell d w t i o o  and intensity being ured with the Rational method. 
These parameters may be changed arith ~ e t d n g s l C a i ~ t l m ~ ~ .  
. .  
1191 Note:Type 11 24-hr Rainfall. 4 . 3 0 " ~  2 (AMC=z) 

This message indicates the rainfall distribution a n d  depth being used to generate mnoB 
hydrograph. 

An'x"at theend vldicates the numberolback b b a c h  stormatoggenerate In thacaseofback.to 
back storms. nota that the apedied rainfall depth m u e  in each of the storms 

Finally. the Antecedent Moisture Condition (AM0 ie shown. 
with santnpsicaicuhuon. 

These paremeters may be changed 

(221 Note: Reach  m u t i n g  by Stor-Ind+Trans m e t h o d  

This measage indicates the method being used to perform hydrograph routing through each reach. 
The muting msthod may be changed using sotllngrlcalcu~dinon. 

l Z 5 ]  Note: Pond rout ing  by Stor-lnd method 

This message indicates the method being used to perform hydmgraph routing thmugh each pond. 
The muting method may be changed using %ninpslcalcub(ion. 

[ZS] Note: Updat ing  (node) 

This message indicates that  runollor routing calculations are being updated for a given node. 

Routing calculations am eutomaticeUy updated a8 required to view or print repom. HydroCAJJ 
employsa'minimelrecalculation"fenture,ao thatonlytherequirednodeeanrupdatedatanydven 
time. 

When updatinge node.all upstream nodesare sutomaticallyupdeted whenrequired. Downstream 
nodes may also be updated during e liimultaneoua routing. 

Additional information is available on the calculation process employed for each subcatchment. 
reach. pond. end link. 
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(491 Hint: S u b c a t  T H 2 d t  m a y  requl re  smaller d t  

When the time-of-concentration is lese than twim the time increment (dt). the instentaneous peak 
msy exceed the (average) hydrograph peak lor a brief time (less than dt). 

If the instantaneous Peat is required, reduos the dt. A d t  ofone-hall the smallest Tc will prevent 
tbia message from occurring. The dt may be changed using SomqslWsulatbn: n m  Span. 

Note: The runoff wlum ia not afiectod by the d t  setting. 

1521 Hint: Reach Inlet  conditions not  evaluated 

Reach muting calculations assume normal-flow wnditions in the channel or pipe. T h e  software 
dDes not evaluate inlet wnditiona lor the reach. although these may oRan be a mntmlling factor. 

If you wish to consider entrance losses. p r e e s w  flow, or other conditions for a pipa. i t  ehould be 
modeled as a pond with a culvert outlet  

155) Hint: Reach Peak intlow is  105% of Manning% capac i ty  

The reach is operating e b v e  ita Manning's oormal4ow capacity. but has notovertopped Thia may 
be acceptable depending on the design criteria. 

[SSJ Hint: [node) Peaked x.x'above defined flood level 

The peak depth in a reach or pond has exceeded the defined flood elevation. Routing mntinues as 
usual. 

The significance of this message depends on the flwd level tbat has been specfied for thie node. 
The message doea not indicate that the calculations themselves h e w  been mmpmmised. 

A separate warning message is pmduced whcnever a reach or pond exceeds the highest defined 
stage. 

1611 Hint: (node1 Submerged  45% of Rencb I bot tom 

The node'i peah elevation has partially submerged the bottom ofen  inflowing reach. 

This message m u r a  when the peah elevation (tailwater) is greater then the outlet invert but leas 
than the inlet invert. The percentage indicetes the Craction ofthe reach length the1 is submerged 
If the tailwater had risen above the inlet invert a separate warning message would have been 
issued. 

Important: The reach routing calculations are not altered by this eituation. The muting wntinues 
to be performed ae if the reach were operating under normal Mannings flow with no tailwetar 
influence. The ueer is responsible lor adjusting the model in any way that b deemed nBcesesry to 
accommodate thissituation. Insorneaituationsan alternatemutingmethodormodelin~ technique 
may he required. 

Reminder: In moat eitustions. a pipe reach is best modeled as a pond wjih B culvert outlet. 
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Section 25 -Frequently Asked Questions 

W h y  can't I route an ups t ream node th rough a subcatcbment7 

Asukatchment mnlains only the information needed to perform a tunoffcalculation. Use a reach 
if you want to mute another hydmgraph through this land area. For ahallow overland flow, we a 
-de &-el with a suitable Manninp's numbar. 

tha entire ouUTow ofmy pond baing routed? 

thereisn't an ummutad p n m a r y o r a k o n d q  discharge. which will appear aa en OUUIOW 
ndle on the node. If (I). YOU muat mute the outflow to another node or reecniigure the outlet 

deviea to slimhate the OUfflOw. 

What is the hart way to model a pipe7 

A pipe can he modeled in three ways. 1) Kthc pipe always operates under open channel flow, you 
CM model i t  an a aeparate pipe reach. 2) Some open-channel pipes are most easily modeled as a 
flow segment within a subcatchment. 3) The most complete solution in to model tbe pipe as a 
culvert outlet on a pond. even if the 'pond" is simply n madway impoundment, approach channel, 
or drop inlet. 

How do I model a catch basin? 

&catch-bash is beat modeled as a pond with a culvert outlet  The "pond" should include not only 
the below-Fund volume ofthe caWh.basin. but alao any above-gmund storage that is used when 
the basin overflows. (Always enter enough 6tege.storage data to prevent a 'date exceeded" 
warning.) This allow a more a m r a t e  culvert analysis to be performed on the pipe, including 
the effsts of hesdweter and inlet losses. In some canes the simultaneous muting procedure cen 
also ba used to handle varying tailwater conditions. although it may be unable to track the rapid 
changes in water level that can occur L, such small 'ponds.' 

What &out a closed storm sewer? 

A storm newer em aometimea ba modeled 8s a series of ponde with culvert outlets as described 
above, eubjs t  to the same tailwateiconsiderations. Due to the computational pmblems ofrouting 
hydrographs through a closed storm sewer. these systems may have to bs modeled with two 
separate h l s .  bid performing a steadystate analysis of the closed drainage Bystem. followed by 
a hydmpaph muting to consider detention effects. 

Can HydroCAD calculate t h e  Hydraulic Grade  Line (HGL) 7 

Dekrmining the HCL requires that the entire drainage system he at equilibrium. Since 
hydropaphroutinemodelaara hendlinga time-varyingflow, thereisnosingleHGLforthesys~m. 
Theelosutappmrimationwouldbetoddetermine theHGLat thepeak flow, but even this isflewed. 
since the peak flow occur a t  diHerent times throughout the  drainage system. 
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Section 26 - References 

The follovnng rofonnces mnmn adbhonal dormahon on the hydrology and hydrouLcs uthzed 
by HydmCAD Tbese PubLCanom &re referred to by number throughout thle manual and are listed 
In appmnmste order of usage. 

[I] McCuen. R i c h d  H. A Guide to Hvdralorric Analvs ie Usine SCS M e t w  Prantice Hall. 1982. 
(Out of pML A h  nee [131. Chapter 8.) 

[Z] Soil Conservation Service 'Jechnical Release Number ZQ (TR.20). National Technieal 
@ormation Service. 1982. 

[SI Smith P D .  Basic Hvdrsuh 'gt Butterworth SFientiKc. 1982. 

141 Sharp. JJ. k Sawdes P. Basic H v d m l m  Buttorworth Scienti6c. 1984. 

151 Ring, H.W. & Brater. E.F. HIaodbmk of Hvdrau lica. McOraw Ha 1963 

161 Simon, Andrew -1 Hvdra ulica, J o b  Wiley &Sons, 1981. 

[q chow. Ven Te &en Cb aMel H v d r a u l i c ~  Mffinw H a  1959. 

. .  . [SI Menik Frederick Standard Handbwk for clvll E n m n w  

191 Jemme'M. Norman et al Gulvem. 

[lo] Soil ConaervationService t'o . o (NEH.0. 
National Technical Infnrmntioo Service. 1985. 

[i I I  Sail Conservation Service -a 073-65). 1986 

I121 American Cancrets Pipa Asmiation -te Pine Handbook 1981. 

& Hydra W Lehigh Univenity, 1980 

I131 McCuen. Richard If. nvdmloeirAnalvsis and h Rentice Hall. 1989. 

1141 Barfield and Warner &Dlred ' Hvdrolow nod %&m- f or Diaturbed Arrag. Oklahoma 
Technical Press. 1983. 

1151 NFXS (Formerly SCS) Agricultural Handbook Number 590. ma . Plannine. D& 

How do I compnrs  the eri+lng a n d  proposed conditions tor my sits7 

First create and nave the model for the existingmnditioas. Then "ne pmiecqsava& to nave a copy 
of the pmject under B new name for modeling the proposed conditions. 

73 / zsz 
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- 4 46df How do I c o m p m  d i s e r e n t  rainfall events? 
Due to the large volume of idormetion nawiated with any given ruinfall. HydroCAD 
onesetofreaultsata time. Thesssieatwaytoeampantmultipleeventaistoprintareportforeech 
one. Automaticurl~tion.maLethiavuyeasy. Usingaseparste*pmjdct"~r~ch rainIallisnO1 
recommended. sinceeach pmjectPrillbsveLobemanuallyupda~dheneverchangeaarsreguired 

La 

\. . 
When ehoold 1 use the new 'simultaneous" routing procedures?  

The new Sim-Route procedure is intended specScaUy to model 'eaupldponds.' This indud- 
many situstiom where the upper pond's outlet(s) are iduenced  by a varying t d w s t e r  created by 
the lower pond. A common example is a culverted mad cmssing with ponding d g  on both 
aides of the mad. 

Iftbere is no tailwater effect, or the taiiwnter ie constank the traditional storage-indication method 
is stili recommended. The Sim-Route praedure may slao be p k l u d e d  for very small ponds (such 
as catch barins) that d l  not "track" properly. even with the smallest dL Although t h e  SimRoute 
pmcedura may work with some catch basins, i t  in intended for larger ponds that have a e i N i c n n t  
storage volume in relation to the inllow hydmpraph. 

_- . 
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--- 

I 8 

I '  I 

I 

I 

--- 



I .- Risk or co 
Po ten t i a l  

frost 
a c t i o n  

High----- 

M o d e r a t e  

Mod e r a  t e  

H a r d n e s s  
I 

UncOated ;Co,ncret,e 
s t e e l  I 

I 

I 

I 
High-----/Moderate. 

I 

FeA" 8 

Fincastle--------; C 

B 

B 

B 

B 

B 

C 

B 

B 

A 

C 

B 

C 

U r b a n  l a n a .  
I 

I 

I 
I 

I >60 
I 

I 
I >60 

I 

I 

, I 
I 

I >60 
I 

I > 6.0 

I 

I >60 
I 
I 

I 

I 

I I 

I 

I 

I 
; --- 
I 

I --- 
I 

I 
I --- 

I 

I 

I 

I I 

I 

I , 
! --- 
I 

; --- 
! 

I 

I 

I I 

I 

I 

LOW------jModerate. 
I 
I 

I 

LOW------IModerate. 
I 

I 
; 

Low------ I Low 9 

> 6 . 0  I --- 
I I 

I I 
I 

> 6 . 0  --- 
I 
I 

M o d e r a t e  
, 
I I I ! 

I I 

> 6 . 0  I --- 
I I 

I I 

I 

> 6 . 0  ; --- 
I 

M o d e r a t e  

M o d e r a t e  

I 

I U r b a n  l a n e .  I I 

I I 
I 

Iigh-----IModerate. 
I 

.ow------ Inoderate. 

I 

I 

I 

.ow------ ;Low. 

I .  0-2.0 i Apparent i Nov-Mar I >60 
I I 

I I 

I 
I 

I 
1.0-6.0IApparentlDec-Aprl I I >60 

8 
I 

High----- 

High-----, 

I I I 

I I I I 

O c c a s i o n a l  :Brief----- I Dec-May 

O c c a s i o n a l  fBrlef----- IMar-Jun 

O c c a s i o n a l  ;Brief----- 

I 

4 
I I 
I I 

I 

I I 

I 

I I 

I Nov-.Jun 
I I 

I 
I 

I I 
.I ' 

I 

M o d e r a t e  !High--,--- ! M o d e r a t e ,  

I ! 
I 
I 

I 

--- I >60 

I 
I > 6 0  

I 

I >60  

I >60 

I 
I >60 
I 

0 I 

--- 
I 

I --- 
I 

--- , 
I 

--- 

M0der.a t e M o d e r a t e  IModerate. 
I 

I M o d e r a t e  ; M o d e r a t e .  I 

I 

I 

I 

I I 

> 6 , 0  1 --- 
I 

I 

M o d e r a t e  

M o d e r a t e  

M o d e r a t e  

M o d e r a t e  

Miamian----------' 

Hennepin--------- ; B  

I 

> 6 . 0  : --- 
> 6 . 0  I I --- 

I 

M o d e r a t e  :Moderate 
I : Low. Low------ 

I 

>6.0 I I --- 
I 

I . I  

M o d e r a t e  / M o d e r a t e  
I 

I 

S e e  f o o t n o t e s  at end 
8 
E3 
0 
Lp 



w - w TABLE 18.--SOIL AND WATER FEATURES--Continued 
I 

I I 
8 

8 I 
I I R i s k  of corrosion 

Depth ]Hardness! frost !Uncoated ;Concrete 

Bedrock Flocd  inR High water table ; 
I IPotentlelI I Sol1 name ana :Hyaro-; 

: logic: Frequency : Duration ;Months 
:group : ; Depth I Kind ;Months map s y m b o l  

I 
, 
I I 0 

I 
I I 

I I 

, I I action I steel I 

I I I I I 

I 
I I 

I . ; 2  I I 9 1  I I 

I 
I I 

I I I 4 
0 I 

I 
I I 

I MuC': 
Urban larid. I 

I 

I 
I 

I I 

I  >-60 
I 

I. >60 

I I 
I 

I I IHigh-----JModerate ;High. I 

I I I 
I I I 
I I I 

I I I 
IHlgh----- Mod e? at e ; High, >6;0 

>6.0 

>6.0 

i 
I 
I I 

I 

I >50  
I 
I 
I  
I >50 

I 
I 

I I I 

I I I 
I I I 
1 I I 

I I 
I I I 

:Moderate I I IHigh----- IModerate, I 

i Moderote * !Moderate /High----- 
Urban land. 

Pn~'--------------~ i B I D  
Patton I 

I 

, PO' I 

Pits 
I I 

PrA, PrE, PrCi----; B 
Prince ton 

I I .5-2.0;Apparent lMar-Jun. i  I >60 0 

I I 

I 

I I 

I I 

I I I 

I 

I /High----- IModerate. !High----- 
I 

I 

I i 
I L O W .  I Low------ 

I I 
I 
I Hlgh. High----- 
I 
I 

I I 

!High. High----- 

I 
!Moderate 
I 
I 

I 
I 
1 High----. 
I 

I High----. 
I 

I 
I 

! High----- 
I I 
I 

I 

!High----- 

I 
IModerate 

I 

I 

I I 

RpA, R p B 2 ,  RpCr'---; C ;None--------; I , --- 
Ro 3 s mo yn e 

P. 
I I 

RtA', RtB', RtC.: ; 
Rossmoyne--------: c , Urban lana. ; 8l 

AwB2-----------,--' 
Russell 

RxBR: ' 

Russell----------; 

I I I I i i 
I I I , 

I 

I 

I 

Moderate Ifloderate. 
I I L 

Moderate ;Moderate. I 

Urban land. 
9 

w 
. h  I o s \  

I 

I r r pJ  
oa Low------ I Low, 

I I 
I .  I - !$?I? 

S t - - - - - - - - - - , - - - - - '  a B :Frequent----[Very I I bri 

I I 

I I 

See footnotes at ena of table. 



TABLE 18.--SOIL A N D  WATER FEATURES--Continued 

I I I I I , I I F l o o d i n g  High water table Bedrock I R i s k  of c o r r o s i o n  

m a p  s y m b o l  : logic: F r e q u e n c y  I D u r a t i o n  ; M o n t h s  Depth Kind lllonths D e p t h  !Hardness\ f r o s t  1Unco.ated ; C o n c r e t e  
I I , 1 I I ' IPotentiall 

I a c t i o n  I s t e e l  I 
I 

I I ; I 

Soil n a m e  and ; H y d r o - :  

I : g r o u p  I : I I I I I 
I I l & l  
I 1 I I I I I I 

t G  I 

I I I 

I I I I 

, I 
I I 

I 

X f  A ,  X f D2- - -  - - - -  - -  I --- I --- 1 2 , O - 6 , O l A p p a r e n t l M a r - A p r l  >60 I --- IHigh-----IHigh-----/Moderate. 

I I I 
I I I I t 

1 I I I I I 

I X e n i a  I 

@ S e e  d e s c r i p t i o n  of t h e  m a p  u n i t  f o r  o o m p o s i t i o n  and b e h a v i o r  c h a r a c t e r i s t i c s  of t h e  m a p  unit. 
'I T h e  plus s i g n  precedlng t h e  r a n g e  in d e p t h  t o  t h e  weter t a b l e  m e a n s  t h a t  t h e  r a n g e  i n  t h i s  soil i s  from .5 f o o t  a b o v e  t h e  I 

P 
m 
m 
P 

s u r f a c e  t o  2.0 feet below. 

. .  
. .  

. .  



- . WH I tti t t A T U A  ES 
I V .  - 1 nuL.I. 

(The  d e r l n i t i o n s  o r  ' i f l o o d i n g t i  a n d  " w e t e r  t a b l e "  i n  t h e  t e x t  e x p l a i n  t e rms  such  a 3  l l r a r e , i l  l l b r l e f , i l  l l a p p a r e n t , a  and I 1 p e r c h e d a u  - 
Tne sgmcol < means l e s s  t h a n ;  > means more t h a n .  Absence o f  a n  e n t r y  i n d i c a t e s  t h a t  t h e  f e a t u r e  is n o t  a c o n c e r n ]  

I 

I C  EcE2,  EcF2--------  
Ed en 

I 

t 1 ood lng  _ H i g h  wate r  t a b l e  : 
I I I I soil name a n d  : ~ y d r o - l -  

Be 

map symbol  : l o g i c :  F r e q u e n c y  D u r a t i o n  ;Months  1 Depth K i n d  :Months  i Depth  
I I : g r o u p  : # , I I 

I I b t  I 

; -- I 

I I 

I ~n 

- - -  I l . 0 - 3 , 0 i P e r c h e d  ; J a n - A p r ;  > 6 0  
I 

I 6 -- 
I I 

I I 

I 

I I 

0 
I - --  I l . 0 - 3 . 0 I A p p a r e n t l M a r - J u n l  I >60 

, I 
I 

I I 

I I I 

I 

I 

I 
I I I i --- 1 >60 

.. -- I > 6 . 0  I --- I --- i >60 
I --- i 1 . 5 -3  I 0 1 Perched  I Jan-Apr i >60 
I I 

--- I >6.O I --- 
I I 

I I 

I I 

I I 

--- 
--- 
- - e  

I 

I 
I I 

1 . 0 - 3 . 0 1 A p p a r e n t l J a n - A p r ;  >60 
I 

I 
3.0-6.0 \ P e r c h e d  I Mar-Apr j >60 

I 
I I 

I 
I 

3 . 5 - 6 . 0 I P e r c h e d  iMar-Apr I 40-60 
I I I 

I I 
I 

I 

I 

I I I I 

I 20--4 0 
I 

>6,0 I --- --- 
0 I I 

I I 
e--  I --- ! 1 . 0 - 3 . 0 1 A p p a r e n t I J a n - A p r ;  I I >60 

- - -  I I --- \ l . 0 - 3 . 0 1 P e r c h e d  I : J an -Apr l  I 4 8 - 7 2  

I I I I >60 

I 

I I 

I f 

I I 
8 

I 
I I 

I 

I I 

I I I I 

IOct -JunI  > 6 . 0  ; --- --- Br ie f - - - - -  
I 

I I 

I , I I , I I 

I I 
- I  

I I I I I 

S e e  f o o t n o t e  a t  end o f  t a b l e .  

8 I K13k 0 1  c o r r o s i o n  ock 

H a r d n e s s :  f r o s t  ;Uncoa ted  : C o n c r e t e  
I P o t e n t i a l :  

I a c t i o n  !. s t e e l  

I 

I 
I 

I 

--- I ;High-----  I ; H i g h - - - - -  :H igh .  I I 
I 

i , I --- IModere te  
I 

I 

I --- ;High----- 
i .  I 

I 

1ppa.ble I ;High----- I I 
I 

I ! 

I 

~ 

;High----- :Modera t e .  

I 

I 

I I 

I 
I 

Law -- - - - I Low. 

LOW------ I Low, 
I I 

I 

High----- ;Modera t e .  
I I 

Modera te  / H i g h .  I 

I 

H i g h - - - - -  I IModera te .  
I 

I '  
Modera te  ; M o d e r a t e ,  

I 
I 

Modera te  ;Modera t e .  
I 

I 

Modere te  ILow.  I 

Modera te  I :Low. 

I 
I 

I 

l igh- - - - -  /Modera t e .  
I 

I I 

I 

i igh-----  IModera te .  
I 

I 
4 ilp 

I 1 g h - - --- i Mod e r a  t e 01 

l l g h - - - - - / M a d e r a t e ~  3 a 
I 

2 1 
I w 2 4  

a 
--- IModera te  ILow------ , I  ;Low. %$, 

I I f ' F u  
I I 

I 
I 
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w 
v w TABLE 16. --SOIL A R A T E R  FEATURES--Continued 

I 
I 

, P 
I I 

Bed r o c k  I Risk of c o r r o s i o n  

qon ths  i Depth  i K i n d  :Months  i D e p t h  / H a r d n e s s ;  f r o s t  !Uncoa ted  : C o n c r e t e  

F l o o d 1  ng H i g h  w a t e r  t a b l e  1 
: l o g i c :  F r e q u e n c y  / , I P o t e n t i a l I  S o i l  name and :Hydro- ; '  

D u r a t i o n  map symbo l  

I , I I I 

I I 
! 

I I a c t i o n  I s t e e l  I 

I ! 
I 

, I I l g r o u p  ; 
I I 
I I In I I , -- , -- I 

I 

I , i UpA" :  
Urban l a n d .  0 I I 

I I 

, 
I 

E l d e a n - - - - - - - - - - - :   one , _ _ _ _ _ _ _ _  i 
Urban l a n d .  

I 

U S A " :  I 
I 
I 

I I I 

I ! 

tr, 
X f A ,  X f a ,  X f E 2 - - - - :  , E ;None- - - - - - - - :  

p) Xen ia  

>6 0 

4 --- i c . u - 4 ,  

I I 

I I I 

I 
I --- I M o d e r a t e  I M o d e r a t e  I n o d e r a t e .  

I I 

I I I I 

I I I 
! I I I 

1 p p a b l e l M o d e r a t e  !High----- :Low, 
I 

I Lppab le lModera te .  /H igh - - - - -  I ; L O W .  I 
# 
I I I 
I I I 
I I I 

I I I I t 
I 1' --- I H i g h - - - - - I H i g h - - - - - '  !Modera te ,  

I I 8 
I I l 

I I 

e 

t 
l I 

I + 
8\ 

- , -  ~ a ~ ~ p p a Y A C l U l ~ n - - - - -  iH lgh - - - - -  I Modera te .  
I 

I 
I 

I I 
I m 

. I  

I 
I 

* S e e  map u n i t  d e s c r i p t i o n  f o r  t h e  c o m p o s i t i o n  and b e h a v i o r  o f  the map u n i t ,  
F 
? .a 
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RUNOFF CURVE NUMBERS 

B phase V 



... 

D 
/ Curve numbers for \ 

Cover description . . vd ro log ic  soil group 

Average percent 

Cover type and hydrologic condition impervious area2 A '@ 0' D 

Fully developed urban areas (vegetation estabhhed) 

Open space (lawns, parks, golf courses, cemeteries, 
etc.F: 

Poor condition (grass cover < 50%) .............. 
Fair condition (grass cover 50% to '7570). .......... 
Good condition (grass cover > 75%) .............. 

(excluding right-of-way). ......................... 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. 

Streets and roads: 
Paved; curbs and storm sewers (excluding 

right-of-way) .................................. 

Gravel (including right-of-way) ................... 
Dirt (including right-of-way) ..................... 

Paved; open ditches (including right-of-way) ....... 

'Yestern desert urban areas: 
Natural desert landscaping (pervious areas only y... 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand 
or gravel mulch and basin borders). .............. 

Commercial and business.. ........................ 
Industrial. ....................................... 

118 acre or less (town houses). ..................... 
114 acre ......................................... 
113 acre ......................................... 
112 acre ......................................... 
1 acre ........................................... 
2 acres .......................................... 

B 
Urban districts: 

Residential districts by average lot sue: 

Developing urbnii areas 

1 1 

85 
72 

65 
38 
30 
25 
20 
12 

98 
83 
76 
72 

63 

96 

89 
81 

77 
61 
57, 
54 
51 
46 

77 

98 a 69 

89 

Af I 

- - J  
98 
89 
85 
82 

77 

96 

* 92 
88 

85 
75 
72 
70 
68 
65 

98 98 
92 93 

91 

85 88 

96 96 

94 95 
91 93 

90 92 
83 - 87 
81 86 
80 85 
79 E4 
77 a2 

(93 94 
Newly graded areas (pervious areas only, 

similar to those in table 2-Zc). 

AmPosite CN's Lo use for the tlesimi of temiJoi-di:\' measures tluiiiig gt-adilig ant1 consttuction should be coiuputed using figure 2-3 or 2-1. 
on t\he deflee of [lewlopment (impervious area perceuhge)  and the CN's for the ~~e\vly yiadecl pe~-\.iot~s itreas. 

(210-VI-TR-55, Second Ed., June' 1986) 000210 2-5 



Table 2-2c.--Hunoff curve numbers for other agricul tural  lands '  

Farmsteads-buildings, lanes, driveways, 

Curve numbers for  
Cover  description hydrologic soil group- 

.__----..--- 

59 @ @ 86 
Tg OsDF. 
LONST RUtrro,v 

Hydrologic 
Cover type '  condition A B C D 

- - - - -. - 
Pasture. gl.assland. o r  range-continuous 89 

39 80 

81 78 30 

Fair 49 

' J  - - - - - - - 
48 67 77 83 

the major element.3 a i r  35 ,56 70 77 
Good 430 48 65 73 

forage for grazing.2 

Meadotv-continuous grass, protected froin 

Brush-brush-weed-gI.nss mis ture  w i t  h 

grazing aiicl generally moured for ha.y. 

Woods-grass combination (orchard 
or  t ree  

Woods.6. 

82 86 
76 82 

Poor 57 73. 
Fair 43 65 
Good 32 58 72 79 

Poor 45 66 77 83 
Fai r  36 60 73 79 

(210-VI-TR-55, Second Ed., June 1986) 0 O O ; r l l  , 
2-7 
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Nodal Network for West OSDF Design Scenarios 
Prepared by  GeoSyntec Consultants 1/29/2002 

HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 



I 

Nodal Network for Design Case “A” 

HydroCADGO 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 
Prepared by GeoSyntec Consultants I /29/2002 
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ix3m CMP COVER REQUIREMENTS 

2.0 
3.0 
3.0 

General Guidelines for Minimum 
Cover Required for Heavy Off-Road 

Construction Equipment 

2.5 3.0 3.0 
3.0 3.5 4.0 
3.5 4.0 4.0 

Pipe 

Inches 
Span, 

48-72 
78-1 20 

I 126-144 

~ 

Minimum Cover (feet) 
for Indicated Axle Loads (kiDs) 

18-50 I 50-75 I 75-110 I 110-150 

information reproduced from: [Contech, 19991 

B . . .  , _  .: 

A attachmentslA-9 

c 
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PHASE V SURFACE-WATER MANAGEMENT SYSTEM DESIGN . 

DATA VERIFICATION 

INTRODUCTION 

As described in the Procedures Section, the purpose of this calculation package is to design 

the OSDF surface-water management (SWM) structures to be constructed as part of the Phase V 

development of the OSDF. In addition, the adequacy of existing SWM structures to convey the 

2.S-year; 24-hour storm event is assessed. Required modifications or additions to existing 

structures are incorporated into the Construction Drawings. ,This section presents the selection of 

parameters used to perfonn analyses in the Calculation Section of this calculation package. 

HYDROLOGIC AND BASIN ROUTING ANAdYSES [ HydroCadTM, 20011 - 
For both design scenarios and both design cases, the relationships of subcatchments, reaches, D 

and basins are shown in the nodal network diagrams presented in Attachment A-8. 

Rainfull Distribiition 

A SCS Type TI Rainfall Distribution is selected for the Fernald site location. Attachment B- 

1 shows the location of the OSDF on a rainfall distribution map of the United States [SCS, 

19861. 

Rainfall Depth 

Attachment B-2 [Parsons, 19951 provides rainfall depths for design storms of 24-hour 

duration for the Fernald site. The rainfall depths for use in these analyses are listed below. 

phase V 
- 

Ai=-- 

1/29/2002 

000218 
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Return Period 
(years) 

Client: Project:- Phnzr V Project No.:&Q%Task N o . : X  

Rainfall Depth 
(inches) 

2 

-- 4 . 4 6 4  

2.6 

10 

25 

4.1 

4;7 

100 5.6 

Runoff cwve numbers 

Subcatchment characteristics including total area and data for calculation of weighted CN 

‘re tahn!ate.d fnr each design scenario and design case in Attachment B-3. Data includes the 

percentage of subcatchment area for combinations of HSG, CN, and land use for each 

subcatchment. 

Subcatchment Time of Concentration 

Subcatchment characteristics for calculation of time of concentration are tabulated in 

Attachment B-4. Parameters include those for sheet, shallow concentrated, pipe, and channel 

flow. 

D 

Resches- 
Channels 

For the purpose of’ hydrologic modeling, the Manning’s roughness coefficient for all 

channels, both grass and riprap (permanent channels along OSDF perimeter) lined, is selected as 

0.030. Similarly, representative average geometric characteristics (i.e., sideslopes, width, 

longitudinal slope) were selected. Data for additional channel parameters are tabulated in 

Attach men t B -5. 

Cu I verts 

The Manning’s roughness coefficients for annular CMP, RCP, PVC, CMPA and HDPE 

culverts are se!ected as 0.024, 0.013, 0.010, 0.018, and 0.010 respectively. For new culverts, 

which will be helically corrugated CMP, a Manning’s roughness coefficient of 0.0 17, 0.0 18, 

phase V 
- 
B -- 

1/29/2002 

cToo219 
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D 0.019, and 0.020 for equivalent diameters of 30, 36, 42, and 48 inches, respectively are selected 

[American Iron and Steel Institute, 19941. - 4 6 6 4  

Planimetered areas within contour elevation lines (for calculation of the stage-storage 

Coefficients for principal and emergency relationship) are presented in Attachment B-7. 

spillways are selected as follows and input into the HydroCADTM models. 

Principal Spillway Riser Pipes 

0 Discharge coefficient for orifice flow, C = 0.60 

D r ; n r ; n n I  Cni l l i . d tn i ,  n r r t l n t  Pinot 
1 , *,*c*y/Uc vy***,.-, V”*’.I”. 1 ”y./“ 

0 Manning’s roughness coefficient, n = 0.024 (for CMP) 
Entrance energy loss coefficient, Ke = 0.7 
Contraction coefficient, Cc = 0.9 

OSDF Basin 2 Emergency Spillway 

Type, shape = broad crested weir, rectangular (approximation) 
Weir coefficient (English units), C = 3.0 [Stahre and Urbonas, 19901 

Borrow Area Sedimentation Basin Emergency Spillwciy 

Type, shape = broad crested weir, rectangular (approximation) 
Weir coefficient (English units), C = 3.0 [Stahre and Urbonas, 19901 

Additional data concerning the size, shapes, and elevations of the principal and emergency 

spillways are tabulated in Attachment B-8. 

HYDRAULIC ANALYSES 

L3iGmn& 
Data for channel segments are obtained from the Construction Drawings and are presented in 

Attachment B-5. The Manning’s roughness coefficient for all channels (grass-lined) is selected 

as 0.030 [Chow, 19591. 

phase V 
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Input data for culverts includes: (i) physical characteristics; (ii) CulvertMaster@ modeling 

characteristics; and (iii) profile. Physical characteristics and profile data were obtained from the 

following sources: (i) as-built drawings; (ii) inspection by GeoSyntec or Fluor Fernald personnel; 

(iii) existing maps showing topography and features; (iv) optical survey; and (v) site utility plans. 

Available thickness of cover for each culvert is obtained from the Construction Drawings and 

presented along with input data for hydraulic analyses in Attachment B-6. 
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Figure E-2 Approxunate geographic boundaries.for NRCS (SC$).rainfall. d.i 
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RAINFALL DEPTHS 
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. .  

5MIN 15MIN 

0.387 0.739 

0.49 0.979 

0.564 1.139 

0.65 1.34 

0.72 1.49 

0.78 1.64 

0.93 2.1 

1.2 2.6 

1.4 3.4 

DURATION 
(YEARS) 

2 

5 

10 

25 

50 

100,000 

60MIN 

1.223 

1.69 

1.99 

2.38 

2.67 

2.95 3.3 3.6 4.1 5.0 

4.3 5.2 5.9 7.3 8.5 9.4 

5.8 7.2 8.2 10.2 12.0 13.0 

8.2 10.5 12.0 15.5 18.0 19.2 

TABLE 1 - RAINFALL DEPTH FOR A GIVEN DURATION ilc;? 3 U J - N -  
(INCHES) D B ~ \  i\salci?. 

1.9 5.0 13.3 17.7 20.8 

DESIGN OF SMALL DAMS 

- _  
TIME 6 6 4  

-~ 
HMR-51 

NOTE: Rainfall Points for 2, 5, and 10 year rainfall events were adjusted per TP-40. Values for the 
500, 2000, and 10,000 Year Events were iqterpolated from Figure 3 (Appendix E) 

* These Values are used on PH records for HEC-1. 

Reference: Parsons, "2,000-Year Flood and Probable Maximum Flood, Sitewide 
Flood Plan Determination", August 1995. 
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I SUBCATCHMENT AREA AND HYDROCADT” INPUT PARAMETERS FOR THE CALCULATION OF 
,WEIGHTED CN 

West OSDF Construction Design Scenario =- 4 6 4 4  

- - . . . .  . 
M 0.96 I 0 0 9 0  C runon north of borrow area 79 

N 1.04 100% C construction laydown 82 

0 2.25 loo% NIA direct runon to pond 96 

P 0.94 I 100% C construction laydown 82 

NIA - Not Applicable 

B attachmentdB3 West OSDF 
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W 

000230 

0.u1 L I B  0 wrninaa  IY b n v r  4,- 61 
11% c m h l l  dm8 160 hmsr  rea 11 

10 Pb dU*b 0 wgcC.8-d h r w w  .),a 61 
:1v1 C vcieulr.J h m m w  .mi 7 1  



128% 
3 8 M  i/+a 

; - 4 4 6 4  

'DC ,' 3'2-d 6 

SUBCATCHMENT AREA AND HYDRO CAD^^ INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

West OSDF Post Development Design Scenario 

Subcatchment 
Label 

A 

B 

vegetated final cover 

Weightec 
CN 

I .OJ 100% C grass area 14 N 

0 

P 

2.25 loo% NIA direct runon to pond 98 

0.94 100% C grass area 74 

NIA - Not Applicable 

B attachmentslB3 Wesl OSDF PD 
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SUBCATCHMENT AREA AND HYDRO CAD^^ INPUT PARAMETERS FOR THE CALCULATION OF 

WEIGHTED CN 
Design Case "A" ' - 4 6 6 4  B 
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HYDRO CAD^^' INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
EAST OSDF CONSTRUCTION DESIGN SCENARIO 

hb 

A 

8 

C 

D 

E 

F 

c 
H 

I 

J 

K 
L 
M 
N 
0 

P 

Q 

R 

s 

- - 4 A A 4  

D-=T=a 

VECElAEORYNCOVER 90 CRAWSHORT 0.1% 0.0500 60 GRASSSHORT 0.1% 0.IwO IS0 GRASSSHORT O.IM 0.1700 80 UNPAVED 0 . 1 7 ~  

Y E C E ~ A T E D ~ N A L ~ V E R  SO G R A W S H O R T  RlSO 0.1800 . 450 0 I .02 6.0.1.0 n.030 oms 
W A T W  F I S N  COIm w CRASSSHORT 0.1% o.osm M GRASSSHORT O.IM 0 . 1 ~ 0  ISO CRASSSHORT o .1~0  o . 1 7 ~ )  n o  UNPAVED O . I ~  400 0 1.02 6.0.4.0 0.010 0.0045 

VECRAEO FINNCOVER 90 GRASSSHORT O.IS0 0.0500 60 GRASSSHORT O.IS0 0.IwO IS0 GRASSSHORT 0.150 0.1100 170 UNPAVED 0.1700 uo 0 1.29 s.o.1.0 0.010 0.001s ISO 0 159 4.0.1.0 0.030 0 . W  

YECETITEDRNALCOVER 90 CRASSSHORT 0.150 0.~500 w G R A S S S H O R T  O.IS0 0.1wO IS0 GRASS:SHORT . 0.1% 0.1700 IN1 UNPAVED 0.1700 380 0 I .60 ta.1.0 0.030 0 . 0 ~ 0  

\'EG~ATEOF%YALCO~€R W CRASS SHORT 0.1% 0.0~00 6Q GRASS SHORT 0.150 0.IwO I50 GRASS SHORT 0.110 0.1700 170 U N P A V W  0.1700 190 0 I .w m1.0  0.010 O.MSO 

SOSVEGElATEDFIYNCO\€R W S M O O T H  0.011 0.MW 6 0  SMOO'IH 0.011 0.1wO I50 SMOOTH 0.011 0.1700 140 UNPAVED 0.1700 440 0 2.00 3.0.3.0 0.010 0.0100 

N O ~ ' V E ~ A ~ O F I S A L C O V E P  90 ShIOOTH 0.011 O.OS00 til SMOOM 0.011 0.1000 1% sMmm o a i i  0 . 1 7 ~ )  170 UNPAVED 0.1700 410 0 I .60 4:O. 3.0 0.034 O.WS0 

m ~ m 1 m O L u r W W N  230 GRASSSHORT 0.1SO O.OU0 - 
C O P I ~ I X T I O N ~ Y W W Y  xx) CRASS:SHORT 0.1% 0.0176 . 110 UNPAVED 0.0176 

C O ~ ~ O X L A ~ W ~  UXI GRASSSHORT 0.1% 0.0200 . - SO UNPAVED 0.0200 200 10 2.00 I.O.LO 0.030 o.ms 
~ ~ O t i N O R T H O F B O l U l O I A R U  I40 G R A S S  SHORT 0.1% 0.0200 . 290 0 2.00 3.0.1.0 0.030 0.007S 

RL~OXSORlMOFBOlUlOWARU 170 GRASSSHORT 0.110 O.MM . 200 m 2.50 3.0.3.0 0.030 0.001S 

DIRECT amoh TO mso 
~ U H O ~ S O R T H O F B O l U l O W A R ~  . 2.w 0 I .w J.O.S.0 . 0.030 0 . W 6  I '  
R ~ ~ o N m a n i o F u o u u o w ~ n ~  xx) CRASSSHORT 0.150 o . o m  . 310 UNPAVED 0 . 0 7 0  

. I 1280 UNPAVED 0.0260 RlNOSLORTHOFBORROWARU 300 GRAWSHORT O.IS0 0.0260 . 
RUNOSYORTHOFBOlUlOWARU 3W GRASS:SHORT O.IS0 0.0400 . . 310 UNPAVED 0.- 

. I . I  

Rl'SO?ISORTHOFO0RR01ARU 280 CRASS:SHORT 0.150 0.01% . I .  34 0 3.00 1.0.30 lu3.W 0.01M 1 . 1 -  

Y 

Y 

2 

AA 

RR 

CC 

RWOS W T O F O S O ~  300 GRASSSHORT O.IS0 0.01W . . 730 UNPAVED 0.01W 330 0 2.00 , . . .  .1.0.3n m o  o.om 
RVtiOS W T O F O S O I  300 CRASSSHORT O.lS0 0.0130 . 310 0 LW S.0, a.0 0.010 0.01 10 

RlWOS WTOFOSOF UXI GRASSSHOKT O.IS0 0.0310 . . .  so 0 2.00 5.0. 4.0 0.030 n . m o  
100 0 2 0 0  3.0.1.0 o.nio 0.0070 

Lw . 3.0.5.0 11.030 0.M)ro 

- SI0 UNPAVED 0.0110 

- S O  UNPAVED 0.0310 

110 UNPAVED 0.0840 RWOSARUQASTOFMDF 300 CRASSSHORT 0.l.W O.U%U . 
R~SOSARUfASTOFOSUF 110 CnAsssnoni aim 0 . m  . 3h0 U 

RlXox AREA USTuFVSDF 110 GRASZ'SHO~T 0 1 x 1  o n m  . . I -  

EF. 

FF 

GG 

HH 

11 

JJ 

KK 

LL 

hlhl 

NN 

I D o l  XOSWGETATEDFIXUCOWR I n o  I SLIOOTH I 0.011 I 0.1700 I :o I GRASSSHORT I 0.m I n . m  I - I . I . I - I . I . I 1 . I . I . I - I . I - I . I . I - I . I . I . I . I . I . I . I . I . I 
Rl't iO~OBORTl1OFBOlUlOI~ARM 3W GRASS: SHORT 0 I50 0.0230 . 10 UNPAVED 0.0230 t o  0 4.00 1,o. 1.0 1.030 o.01m 
Sf)SVEGCTATEDFW~.COWE W SMOOTH 0.011 U.05W M , SMOOTH 0.011 u . i m  110 shmom 0011 0 . 1 7 ~ 0  210 UNPAVED 0.1700 I:U UNPAVW 0.0141 

241 ' UNPAVED 0,om COWRLCTIOS i,mmwv 3M CRASSSHORT 0.1% 0,0200 . . . .  
m 3.0.1.0 0.030 0.WS R l ~ ~ l H S ' O R T l l ~ F W R R U U ' I R M  W CRASSSHORT 0.1% 00100 - 130 2.50 

R U I ~ Y A R U T V B O R R O W ~ R 1 U  110 GRASS:SHORT 0 191 O . ( y w  - 70 UNPAVED 0.1640 JNI U N P A V W  0.0025 

w s n s  A- TO BORROWAREA 1m CRASSSHORT 0 . 1 ~ 0  o.oiso . r0 U N P A V W  0.0250 110 UNPAVED 0.16hO 840 UNPAVED 0.WS 

nwoxmmmnumowmm 300 CRASSSHORT 0.1% o.0180 . 150 UNPAVED 0.0140 110 UNPAVED 0.1640 630 UNPAVED OW30 

3.0.1.0 0.010 . 0 . 0 ~ 0  RWOFF 3uO GRASSSHORT O.IS0 0.02J0 - yo0 0 .  3.00 

0 1.0.1.0 0.010 0 . w  u i w m  IMI W S S S H U R T  0.154 00700 ~ 980 3.00 

RUSOFF Mo 0 3.00 lo. 3.0 n nio n ni IO 

100 u)r'PAVW 0.0240 



HYDRO CAD^' INPUT PARAMETERS FOR T H E  CALCULATION OF T ~ M E  OF CONCENTRATION 
WEST OSDF CONSTRUCTION DESIGN SCENARIO 

MlXhR. n O I "  I ?WE R O I V  mIma now 2 SHUU)IVCONCENTU*TU)~~W I S H I L L ~ W ~ ~ ~ ~ U T ~  n o w  S H E F T M I V I  
rc ,n iS ln  *&,d 

wBuraimwuBa WEI'MW I S H ~  no\v I 
hi? w.=lhcr.+l.r ..(.m M S ~  b- w u ~ -  w-.. hiur-- w-iw '$&e n p - i n )  Mswimi h - ( h l  ~u.lseim1 Fla-iml * w i a )  - (m~ w'n nmLmFhia)c--i.nhi IclNDl b ~ t m  Yh,"" . - -w in ,  s-iwhi 'w'. s c  Iml 

(MI in) 
L \ ~ o f s c ~ ~ m ~  

k&ph 
W C W : S H O R T  0.150 0,0500 60 GRASSSHORT 0.150 0.IMO I50 GRASSSHORT 0.150 0.1100 190 UNPAVED 0.1100 I80 0 2.00 3.0.6.0 0.030 0.0015 . 

SI 

A v ~ ~ n ~ l W i m ' N C 0 ~ ~  

B V E G ~ , . ~ E D R N N C O \ ~  90 cwssnom 0 . 1 ~ 0  0.0~00 w GRASSSHORT 0.110 0.10m 150 muS:snom 0 . 1 ~ 0  o . i m  rm UNPAVED 0.1100 0 0 60.30 0.030 0.0015 100 3.0.61 0.030 om15 rn 12 0.013 0 . 0 1 ~  200 I90 100 

190 0 2.00 3.0.6.0 0.030 0.0015 W 0 60.3.0 0.030 OMlS 100 12 0.013 0.0100 195 

Is0 0 2.W 3.0.61 0.010 0.0075 60 0 643.0 0030 0.001) LM 11 0.01> 0.0100 195 

0 0 6D.J.O 0.030 0.W71 111) 12 0013 ODlW 305 3.0.61 0.030 0.0071 W I90 

111 0 I50 3.0.S.O 0.030 0.0133 . 
0 130 250 

E VEGE~ATWFIYNCOVER W CRASSSHORT 0.150 0.0500 W CRASSSHORT 0.IY) 0.Im I50 CP.ASS:SHORT 0.110 0.1100 Tw UNPAVED 0.llW 

D s r n - ~ m n ~ ~ m m  90 WOOTn 0.011 OOJ00 60 SMOOTH 0011 0 . l m  I50 SMOOTn O D l l  0.1700 20s UNPAVED O.ll00 

E . w # m ~ l ~ n N N r n v E x  90 SMOOTH 0011 O.OJ00 60 SMOOTH 0011 0.1m IS0 SMOOTH 0.011 0.1700 20.5 UNPAVED 0.1700 

F NOSYEGErAlWANUC0VER 300 SMWTH 0.011 0.1700 . 135 UNPAVED 0 . l l m  50 UNPAVED 0.0111 

1.00 ---__--- -----.__- ~ ------ 
3n.s.o . 0.030 o m  G Nox-~mnXN- 50 SMOOTH 0.011 00500' UO SMOOTH 0.011 O . l m 0  10 ShlWTn 0.011 0.1700 110 UNPAVED 0.1100 450 UNPAVED O.Ol1l 

300 GRASSSHORT 0.150 0.0141 . 50 UNPAVED 0.0lll 

30 UNPAVED O.OU0 

rnsmmosm\mEX 
, C D i T m L ~ O H U m I Y h '  3 0 0  C M S H O R T  0.150 00230 . 
J C O N ~ U C T I O ~ U I D O W  110 GRASSSHORT O.IS0 0.0500 , 

K ~ w a v S o ? . n l ~ B ~ o w ~  210 GRASS:SHORT 0.150 0.0341 . 
L COLmLcnQxUIWYS 

0 350 350 3n.1.0 omd 0 . ~ 7 5  . 
. .  . 

2lO GRASSSHORT ' 0.150 O!XdS . . .  . 
0 390 3.00 3.0.?Jl 0.030 0.0110 . p.1 a ~ ~ o x s m c f ~ a a o w ~  50 GRASSSHORT 0.110 O.OJ00 . 

N C 0 . \ s R L m U I l W W  110 GRASSSHORT 0.150 O . O l 5 0  . 
0 . mQ.ccrRmmmmm 

0 I -  _ I _  1 .  1 . 1 . 1  

- 4 6 6 4  

I W CRASSSHORT 0.150 00500 . 235 3.1b . 3.0.3.0 0.010 o.wi5 p c0)Im~cnOs UIDOYX - . i . 

. ' I . . .  .. . . . . ,  



HYDROCAD'" INPUTPARAMETERS FOR THE CALCULATION OFTIME OF CONCEhTRATlON 
EAST OSDF POST DEVELOPMENT DESIGNSCENARIO 

M F E T M W S  ~ H A L L O ~ ~ C O N ~ ~ ~ ~ T U I M L O \ \ '  I ~ ~ ~ ~ ~ ~ ~ ~ ~ s m m ~ ~ . ~ n o ~ v ~  N B U T C U U W T U B R  sum n o w  I S H m  mow 1 

b- *,--pin M," W S @  n-- 5 . y r y ~ i  L(m<*.n  n-- In1 s u ( m w  "h," -- (M) F*-- su(- M S l c p l N f i l  yy WnDplMl *Poo~cRPTIoz 
In) WRI in) 

N- Docrc*n 

A "EGElATw n9ALCOVOl w -SSHORT 0.110 omw M GRASSSHORT 0.1~0 0.1000 1x0 CMSHORT o m  o.iiw 80 UNPAVED o.iiop 

MGETAIED R N U C O W  90 GRASSSHORT 0.150 O D m  M CRASSSHORT 0.150 O.lO00 I50 CRASSSHORT 0.150 0.1700 I70 UNPAVED 0.1100 

90 GR*SSSHoRT 0.150 0,0500 60 GRASSSHORT 0.150 0.lm 150 CRASSSHORT 0.150 0.1100 I10 UNPAVED 0.1700 

B 

C 

D 

E 
P 

G 

H 

I O P E ~ . S P * ~ ~ ~ O O ~ G I U I ~ C O V E R  110 CRASS:SHORT 0.150 0.0440 . 
IS0 UNPAVED 0.0116 J oPEh.s?rcEWnlGQoDmuSS~VElI 100 GUSS:SHORT 0.150 0.0116 . 

K O p N S P I c E V E i M o D G I I U S C Q ~ E R  100 GRASSSHORT 0.150 0.0100 . W UNPAVED 011100 

50 GRASSSHORT 0.110 0.1800 . VEGETATwFWUCO~€R 

VEGETAIED F l N U  COW 

*GEr*Tw FlirUcoYEP 90 GIUY.SHORT 0.150 ' omm 60 GRASSSHORT o.150 o.1000 150 CUSSSHORT 0 . m  0 . 1 7 ~  170 UNPAVED o.itm 
VzcErATw RbAL cow 90 CRASSSHORT 0.150 0.0500 60 CRASS:SHORT 0.150 O.IO00 IS0 CRASSSHORT 0.150 0.1700 110 UNPAVED 01100 

---__--____-- ------ ----- 
"EGErAlWFNALCOV€R w CR*SS:SHORT O.IM O.OSM 60 OUSS:SHORT also 0.1000 150 CFASSHORT 0.1~0 o . m o  110 UNPAVED o . i m  

90 GRASSSHORT 0.150 O.OSOD M GRASSSHORT oisn o.1000 150 GWSSHORT 0.1~0 o . i m  110 UNPAVED O . I ~  WxT~lw Fl A N  COM 

t O S ~ S P * C E Y ~ ( ~ D G I W ~ C U V E R  140 CRAWSHORT 0 . m  ODZOO - 
p.1 ~ S P I L E V E i G m D C C U V E P  110 GRASSSHORT 0.150 O.05M . 
N DIIIE~RWW~POPZ 

, Q ,  ~ P I c E n l n l M o D ~ S C O " E P  . . 
p o ~ E Y ~ m m l G o o o G w c o V E R  300 GIuss:SHORT 0.150 0111% - . 150 UNPAVED 0.0010 

Q OR~S.~WTWGOODGIUIICOYD~ ux) CRASSSHORT o.iso o.ozm . ~ 1180 UNPAVED 0O:M 

R O P N S P I c E Y m ( M o D G 0 I U C V J E R  100 QWSSHDRT 0.150 0.0800 - . 3% UNPAVED o.wm 

S OPf2+S?KEYlm(G(XnGRUSCOVUl 180 GRASSSHORT 0.150 0.0150 . 
T O W f f  RUWZ TO WID 

U O F i S V S ? K E ~ l G O O D G R A S S C U ~ T 8  100 CRAWSHORT 0.1SO 0.0140 . 
V 

\V C W ~ S ? K E ~ ~ m ( ( i w D ( i l C O v E s  300 GRASSSHORT 0.150 0.1190 . 

240 UNPAVED 0.0140 

D~UDTPLW~V TOFUSO . .  
rm UNPAVED o . i m  

) ' .  , . .  . . 710 UNPAVED OOlW 

110 UHPAVED 0.0110 

150 UNPAVED 00310 

170 UNPAVED OOUM 

p omsPuzWmit00Dcnuscm'm 1m CRASSSHORT o.150 O O I V O  . 
V OPFSSPACEUmlGCODGRASSCOVeP 3M GRASSSHORT 0.150 0.0110 . 
z oms?IcEurniti;woca,uscovca 300 GRASSSHORT 0.1~0 0.0110 . . .  

AA UPEVSPICEUllIICOOOGR4SSCO\'EP 3 0 0  GRASSSHORT 0.1SO 0.0800 . 
I B  WEXSPKEUTlHGOOD(il<U~EU 110 CRASSSHORT 0.150 0.0800 . 
EC o m s p u ~ * r n i c o o D G a . u s c o w n .  1 1 0  CRASSSHORT 0 . 1 s ~  o . o m  . 
DD vecerAm mu. cum 110 CRASSSHORT 0.150 0 . 1 1 ~  XI CRASSSHORT n . m  O.MM . 

e- 
80 UNPAVED 00110 EE O ~ ~ S ? ~ ~ U m ( G U ) D L i l . U S C O , ~  100 GRASSSHORT 0.150 0.0110 . 

FP VCGeTAlED F I S N  C O Y 0  90 GRASSSHORT U.150 OU5M 60 GRASS:SHORT Ol5U 0 . IW I50 CRASSSHORT 0.150 0.1700 110 UNPAVED 0.llW 

190 UNPAVED 0,OlW CC O I Y I \ ' S ? . 4 C € ~ G W i l G u . U S C O ~ ' E R  J u )  CRASSSHORT 0.1SO 00100 - . 

HH o P € ~ S P ~ C € U m l U a D G R N S C O ~ ' ~ 8  VO CRASSSHORT 0.150 ODlW . 
I I  MCS s?.~~nrni r m ~ ~ r c ~ s t o v e ~  2 l u  ~ CRASSSHORT 0.150 OOIM . 

JJ wEXsP*CEYm((iOODGRsUmVEil 300 CRASSSHORT 0.1SO 0.0250 . 
KK om-u-micooocumcovm 3m u.150 n.0280 . 150 UNPAVED O O I M  110 UNPAVEU O . I t 4 0  

1.L O E S S P L E W l H G m O G Y U S N \ ' U I  30 GR~SS:SHORT Q,JY) Q , Q ~ ~ O  . 
blkl ~ ' d s ~ ~ m l G m D G I W I C W E P  luo GRASSSHORT 0.150 Om00 . 
NN w c h S Y ~ * m ( l i M w G R A S S C O V E P  . 

120 UNPAVED O.IIIJ1 

70 UNPAVED 0.1664 Wl UNYAVEU O l l 0 2 5  

40 UNPAVED 00?30 110 UNPAVED 01660 

100 UNPAVED 00210 

00 W E N I P A m ' m u - D G ~ , s ~ ~ ' ~  I:O CRASSSHORT n.iso 0.1660 . 
~~ 

. l l v o  UNPAVED 0.00:s PP I aPE.\'s)ACEUI~GCmDOR*sfCOVU1 I 150 GR*SS:S)IORT , u.1.W , O.16M , IS0 , I;RASS:SHOYT . 0.15(1 OW21 . 

SH*~~WCOXCCWMMELO(VI W > X R  R O W  I C U A S M L  M W  I 

-,y ~odnwnm n p t = + ( n )  "1,"*" nb-(nl  sidullpuml z z  ~lu.-m "";N""" npwm su=wm) w- 51- Irn) 

450  0 im 6.0.1.0 0.010 n w s  . 
400 0 1.01 611.4.0 0.010 O W 1  . 
w 0 1.29 sa.3.o 0.030 omti  110 0 4.0.30 0010 0.0050 159 

0 380 1.60 4.0.1.0 0.010 O.WS0 , . 
0 

0 

~~ 

4 O . l . O  0 o ) o .  UMSO 

4.0.3.0 0.010 00050 . 
390 im 
410 im 
4 4 0  0 1.m 1.0.1.0 0010 pol00 . 

100 I O  2.00 1.0.1.0 oolo o m s  
0 190 1.00 

zoo 10 I s 0  

3.0, 10 0.010 11.001J 

1.0.1.0 0010 O.m*S 

110 0 I .00 5.0.5.0 0.030 O W l b  

0 30 1.00 1.0.1.0 oo)o n n m  

. .  . 
. .  

110 0 1.00 1.0.10.0 0.010 00144 

130 0 2.00 1.0.3.0 O O Y  U O l M  

0 5.0.4.0 u.010 ' U O l l O  140 2.00 

. e  0 l.u) 5 . 0 , ~ o  o.n)o u.ww 
1.00 jo .1.o oow ow10 

IM 0 130 3.n.s.o nu10 ,OWIU 

100. 0 

0 Jn 4 . 0 0  I .O.UI u.ow O O I ~ M  

~ ~~~~ 

3.n. 3.0 o w n  nu015 110 10 1% 

IS0 UNPAVED O.Ml5 . , .  
610 UNPAVED 00010 

VW 0 1.04 JU. 3.u onxi UUNU 

980 0 1.00 5 0 . d ~  ooio n m n  
602 0 )00 3.0.10 nuio UOI~II  



HYDROCADT" INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
WEST OSDF POST DEVELOPMENT DESIGN SCENARIO 
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HYDROCADT” INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
DESIGN CASE “A“ 

NO. DeMpuon 

A LINER RUNOUT 

B CONSTRUCTION LAYDOWN 

- 4 6 6 4  

8 SMOOTH 0.011 0.6660 I S  SMOOTH 0.011 .0.0215 31 SMOOTH 0.011 o.zs00 90 SMOOTH 0.01 I 0.0222 590 0 2.50 3.0.50.0 0.030 0.0100 

UNPAVED 0.0125 300 GRASS: SHORT 0.150 0.0125 I45 

I SUBCATCHMEKT LABEL I SHEET now I I SHEET FLo\v 1 I SHEET FLOW 3 I SHEET FLOW 4 I SIULLOIV CONCENTRATED FLOW I I CHANNEL FLOW 

D 

E 

F 

c 

I 

0.0050 1.50 3.0.3.0 0.030 CONSTRUCTION LAYDOWN 85 GRASSSHORT 0.150 0.0500 215 GRASS: SHORT 0.150 0.0136 30 60 0 UNPAVED 0.0136 

CONSTRUCTION LAYDOWN 300 GRASS:SHORT 0.150 0.0133 

CONSTRUCTION LAYDOWN 20 SMOOTH 0.011 0.3750 . 60 GRASS: SHORT 0.150 0.0500 55 GRASS: SHORT 0.150 0.OMx) 165 GRASS SHORT 0.015 0.0161 1 so 

CONSTRUCnON LAYDOWN RS GRASS:SHORT 0.150 0.0235 330 0 2.00 4.0. 6.0 0.030 0.0150 

UNPAVED 0.0161 

AND DESCRIPTION 

H CONSTT(UCn0N LAYDOWNPAVEMWT 165 SMOOTH 0.011 0.0182 115 GRASS: SHORT 0.150 0.0087 I I 

I I I I I 1 I I I I I I I I I I I I I 

I - 1 - 1 - 1  - I 1 - 1 - 1  1 - 1 - 1 - 1  

. .  . . . .  

QQQ238 



GEOSYNTEC CONSULTANTS PAGE 1 \ 9 O F 2 8 2  
Written by: J h n & k M e h l m n n m  Dater-Reviewed by: 'D 6-p Date: % Sfld e r  

Client: Project:- Phaw V h o j e c t  No.:--Task No.:_U 

ATTACHMENT B-5 

CHANNEL INPUT DATA 

- 4 6 6 4  
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OSDF CONSTHUC1'IONIFII.LINE; PERIOD CONDI'IIONS 
SUMh24RY O F  CliANNEL INPUI' D A I A  

existing 
5 new 
6 new 
7 riisiing 

C 

Channel 
Nand" 

7 
8 
9 
I O  
12 

I 3  
18 
19 
20 

30 
21 
22 
29 

24 
2b 

DC A VCC 3.0 1.50% * 0.030 0 4 6 I + G  I, 
UC: A vee 2.5 0.34% 0.030 0 3 3 5 

Dc A V* .2.5 0.23% 0.030 0 3 3 6 + D  
lnlcntionally IcR blank. Is ad,+sred in the calculalion scclion. 

DC A vcc 2.0 ?.UOK 0.030 0 4 6 ' 7  + E  1 

 el Idmtific. 

Staius 

.new 
new 

new 
new 
new 
new 
new 
llCW 

new 

nnv 
new 
new 

new 

nnv 

new 

1 
Daigtt 

Scenario 

E OSDF 
E OSDF 
E OSDF 
E OSDF 
E OSDF 
E OSOF 
E OSDF 
E OSDF 
E OSDF 
E OSDF 
E OSDF 
E OSUF 
E OSDI: 
E OSDF 
E OSOF 

Scrtion 
Shape 

vec 
trapezoidal 
trapezoidal 
trapezoidal 
irnpezoidal 
irapezoidal 

\see 

V W  

vee 

vec 
V ' X  

VW 

vce 

trqxzoidal 
vee 

Channel Char 
Mittinium Longi~udina~ 
Channel Slope"' 

Dcpth(T1) (%) 

4.0 I .OO% 
4.5 0.46% 
3.5 0.45% 

2.0 0.45% 
2.0 0.45% 
2.0 0.45% 
3.0 1.00% 
3.0 0.90% 
3.0 0.83% 
2.5 I .OO% 
3.0 I .XI% 
4.0 I .00% 
3.5 I .00% 

2.0 0.75% 
2.5 0.75% 

crirtics 
Manning Bourn  

n Widlh 
B (ft) 

0.030 0 

0.030 IO 
0.030 IO 
0.030 IO 
0.030 IO 
0.030 20 
0.030 0 

0.030 0 
0.030 0 
0.030 0 
0.030 0 
0.030 0 
0.030 0 
0.030 1.5 
0.030 0 

- 
Side 
Slope 
M,:l 

6 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

- 

- 

- 
Side 
Slope 
M,:l 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

- 

- 

Hydrologic Calrulaiions Hvdraulic Calcdaiions 
HydroCAD HydroCAD AI 

(cfs) A 
Node'" Q F 

!P -T ~ I - DD 
8 
9 

l l - G G  
12 + HH 

13 
19 
20 

I P - u - v  
30 
22 

29 
23 

24 

27 

Intentionally lefl blank. 1s addressed in the calculation section. 

new 

erisiing 
10 new 

\V OSDF 
W OSDF 
W OSDF 

I I I 
vce 

Intenlionally left blank. Is addressed in the calculalion seclion. vrr 2.61% 9 + H + I  
w OSUF VCC 1.5 1.48% 0.030 0 3 3 I O + F  
w OSOP vec 2.5  0.66% 0.030 0 3 3 11+0 I 1 

E OSDF = EYI OSDF Cunstmction-Pltase Design Scenario 
W OSDF = Wesi OSUF Conslruciian-Ph&se Design Scenario 
DC A = Design Case "A" 

Notes: 
I .  Chunnels are named afier the corresponding rubcatchment or reach. 
2. Longitudinal slops iakcn from the Drawings. 
3. NIA indicam that there is nqt specific HydroCAD node associaled with the ptlnirular chamel. 

I P 
G 



I I I I 

I I I 

LZ 
bZ 
CZ 
6 2  
ZZ 
nc 

A ' f l ' d l  
oz 
61 
81 
L I  
91 

S I  
C I  

H H + Z I  
D D - l l  

6 
8 

L 
9 
S 
b 

E 
z 

io ~ I -I. d i  

9 ! 9 

- 
C 
f 
C 
C 
C 
C 
E 
E 
E 
S 
S 
S 

s 
E 
C 
C 
C 
C 
C 
9 
9 
b 
b 

S 
b 

1:tw 

adois 
w!s 

- 

- 

OEO'O 
0 OCOO 

C 0 OEOO 

E 0 or00 

o oroo 

E 0 OCOO 

- 
E 
E 
c 
E '  
E. 

C 
C 
C 
b 

S'L 
C 

E 
C 
C 
C 
E 
E 
9 
C 

E 
E 
C 
9 

I:'w 
l d W  

aP!s 

E'' 

E '  

- 

- 

- n 
5'8 
0 
0 
0 
0 

0 
0 
n 

n 
0 

0 
0 
02 
01 
01 
01 
ni 
0 
0 
n 
0 
0 
n 
0 

(B) 0 
VP!M 
uor10g 

- 

- 
otoo 
OCO'O 
or00 
OCOO 
ocno 
OCOO 
OCOO 

OCnO 
OCOO 

ocno 
OCO'O 

oco'n 

oto'n 
or00 
OCOO 
ncm 
OEOO 
OEOO 
OCO'O 
OEO'O 

OEOO 
OEO'O 

OCOO 

ocn'o 

or00 

- 
U 

lU!U!JeYy - n!rswl 

V.LY0 .LndNI 1 B N N V H S I O  AW'WWflS 
SNOILI(INO.> (101213d LN3Wd019r\30  LSOd daS0 
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ATTACHMENT B-6 

CULVERT INPUT DATA 
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OSDF CONSTRUCTION/FILLING PERIOD CONDITION 

SUMMARY OF CULVERT DESIGN PARAMETERS 

W OSOF Helical CMP 0.9 0.019 Rojmin* I .42inch 95 

I 2  ie(v WOSDF HclicalCMP 0.9 0.018 Rojming I . I O  inch I I S  
13 akting WOSOF RCP 0.2 0.013 Groovt End Projming I . I 5  inch 65 

"or - 
1Vn- 

c 

580.68 579.98 0.00737 585.W Projeaing 0.9 1 .42 inch 5 144.48 

577.05 576.W 0.0091 581.50 Pr0jcctine 0.9 I.30inch l 2 1 3 O . I l  
579.80 579.00 0.0123 581.80 Grm\r End Rojccu'ng 0.2 I. I 5  inch 13 1424 

I I I I I I I 
lnlentimaily lul  blank. 1s ddrulu) in h e  calculatian d o n .  

- .  

- , 4 4 6 4  

I 4  uir:ini WOSOF CMP 0.9 0.024 Rojmiq 

I HYDRAULIC I CAPACITY I I STRUCTURAL CAPACITY OUTLET PROTECTION I 

I -SOx3 l i nch  112 578.60 575.00 0.0121 582.20 R"j&"g 0.9 I-Mr3lincb 1414.33 I I I 1 I I I I 1 I I I 

28 I 70.7) 

3116.54 I I I I I I I I I I I I I 

D C A  CMPA-Arrh 

OCA PVC 

D C A  PVC 

D C A  HclicalCMP 

' IM- 
u i u i n l -  
lanporvy 

lcmoauy 
n w  . 

0.5 0.018 Rued End Smim I . I 3  x 17 in& 80 587.35 586.37 0.0121 590.00 Hudwall 0.5 I - 1 I 1 I 8  inch I 12.02 

0.2 0.010 b n o a c  Hcaduzll 1 .  I 8  inch 55 581.60. 581.30 0.W55 585.50 Grmve Hndu-all 0.2 2-18inch 318.41 

0.2 0.010 Cmoelc Htaduzll 2 .  18 inch 60 582.70 581.50 0.0200 587.00 Goow Hcadvall 0.2 2 - l S i o d  411.90 

0.9 0017 Projectin# 2.Minch 49 579.33 578.84 0.0100 582.50 R0jcd"g 0.9 2 - 3 0 i n c h  8124.73 

lntenlimaily lef: blank. lrddrewcd in h~calculatim xciion. 

I I I I I I I 1 I 
. EOSDF- Eu: OSDFCmruuclian-PhucDerign Sccnario 
. W OSDF- WCII OSDFCannruaim-Phue D&gn Sccnuio 
. D€ A - h i g n  Cax'A' 
- NIA c N a  ApplicsMc 
. d,, I Avnsgc pulide drmucr 

I cxining- 
lCrnpOnrY 

000243 
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OSDF CONSTRUCTIONE’ILLING PERIOD CONDITIONS 
SUMMARY OF CULVERT RIP RAP ANALYSES RESULTS 

PHYSICAL CHARACTERISTICS OF CULVERT 

0 

OUTLET PROTECTION 

Material - Type 

E OSDF 

E OSDF 

27 new E OSDF 

Number of 
Manning’s n Culverts - 

E OSDF 

Approximate 
Length (ft) 

60 

DCP Minimum Apron Temporary Protection Permanent Protection 
Hydrocad Outlet Length 

Node / Peak Riprap Riprap Riprap Riprap Riprap Riprap d50 Thickness (ii 
Flow Rate Length at  Length at Length at Length at  Length at  Length at (in) 

(cfs) (fW Inlet Outlet Inlet Outlet Inlet Outlet 
(ft) (ft) (ft) (ft) (ft) (ft)  

1 1  

Culvert 
Name Status ‘I’  

I 1 a reconfigured 

I 1 b reconfigured 

Design 
Scenario 

E OSDF 

E OSDF 

Diameter 

HDPE 0.0 10 I 2 - 27 inch 

RCP 

Helical CMP 

Helical CMP - Arch 

0.0 1 3 

0.01 8 

0.018 . 2 - 42 x 29 inch 

1 - 30 inch 

2 - 36 inch 

60 

92 

1 1  

23 
I I I I 

53 I 25 I 

I06 I 27 

- -  
Helical CMP - Arch 

Helical CMP - Arch 

h i t i i i h d i y  iefi biank. is adressed in the calculation seclion. 

0.0 18 

0.019 

2 - 42 x 29 inch 

2 - 49 x 33 inch 

HDPE 0.01 2 I - 27 inch I 

- E OSDF = East OSDF Construction-Phase Design Scenario 
- W OSDF = West OSDF Construction-Phase Design Scenario 
- DC A = Design Case “A“ 
- N/A = Not Applicable 
- d,, = Average particle diameter 

12 
13 

6 attachmentdB6 RR 

W OSDF Helical CMP 0.019 I - 42 inch 95 5 new - 
temporary 

new W OSDF Helical CMP 0.018 I - 30 inch I15 12 

existing W OSDF RCP 0.01 3 I - 15 inch 65 13 
1nten1ionally left blank. Is adressed in the calculation section. 

I I I I I 

DC A CMPA - Arch 0.01 8 I - 13 x 17 inch 

DC A PVC 0.010 2 - 18 inch 

DC A PVC 0.010 2 - 18 inch 

existing - 
temporary 
existing - 
temporary 
existing - 
temporary 

80 I 

55 3 

60 4 
Intentionally left blank. Is adressed in the calculation section. 

DC A 
new - 

temporary 
Helical CMP 0.017 2 - 30 inch 49 8 

I 
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BASIN ELEVATION CONTOURS DATA 

phase V 
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D' 
t 

BORROW AREA BASIN 
Elevation Planimetered Area 
(ft MSL) (acres) 

570.0 6.391 

57 1 .O 6.687 

572.0 7.017 

573.0 7.290 

574.0 7.613 

575.0 7.92 1 

t 

STAGE-STORAGE INPUT DATA FOR SEDIMENTATION BASIN 

6 attachmentdB7 BA 

- $ 6 6 4  

0 0.0 246 



127 / 2 S Z .  
STAGE-STORAGE INPUT DATA FOR SEDIMENTATION BASIN pc p 3~ rd& 0 1 

PBM \ l * \ Q L  

z 

OSDF SEDIMENTATION BASIN 2 

Elevation Planimetered Area 
(ft MSL) (acres) 

570.5 1.460 

571.0 1.5 12 

572.0 1.614 

573.0 1.7 13 

574.0 1.8 19 

575.0 1.917 

576.0 2.026 
577.0 2.162 

000247 
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ATTACHMENT B-8 

BASIN OUTLET STRUCTURE DATA 

phase V 
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BORROW AREA BASIN ROUTING INPUT DATA 

~ 

ITEM 

Riser Pip' 

Outlet Pip 

EMERGENCY SPILLWAY 

EMBANKMENT 

AVAILABLE STORAGE 
IOLUME (TO RISER INLET 

SUBCATCHMENT 

8 
0 
0 
E9 
Lp 
c13 

DESCRIPTION 
BORROW AREA BASIN 

PARAMETER VALUE 

~~ 

Existing Twin 48" 
CMP 

Existing Twin 48" 
CMP 

20' long rectangular 

3ut to existing grounl 
surface 

To primary spillway 
riser pipe inlet 

Total Upstream 
Drainage area 

h v1 
a 
L 
U 
m v 

IN UNITS SHOWN 

575.3 

569.5 

578.0 

579.0 

35.5 

174.86 

1 

B attachmentdB8 BA 



OSDF SEDIMENTATION BASIN 2 ROUTING INPUT DATA 

ITEM 

Riser Pip 

Outlet Pip 

I 

EMERGENCY SPILLWAY 

EMBANKMENT 

AVAILABLE STORAGE 
'OLUME (TO RISER INLET 

0 
0 
0 
N crr 
8 

B attachmentdB8 OSDF2 

o s 1  
DESCRIPTION 

i SEDIMENTATION BASIN 2 
PARAMETER VALUE 

48" 

New 36" CMP pipe/72" x 44" CMP 
pipe arch bulkhead eccentric reduce1 
coupled to existing 72" x 44" CMP 

pipe arch 

20' long rectangular 

Cut IO existing ground surface 

To primary spillway riser pipe inlet 

Toti11 Upstream Drainage area 

, IN UNITS SHOWN 

575.5 

570.8 

* I - - - - -  > 
576.0 

577.0 

8.6 

39.09 
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PHASE V SURFACE-WATER MANAGEMENT SYSTEM DESIGN 

CALCULATIONS 

INTRODUCTION 

As described in the Procedures Section, the purpose of this calculation package is to design 

the OSDF surface-water management (SWM) structures to be constructed as part of the Phase V 

development of the OSDF. In addition, the adequacy - .  of existing SWM structures is msess~d. 

Required modifications or additions to existing structures are incorporated into the Construction 

Drawings and this calculation package. This section presents calculations based on procedures 

and data presented in the Procedures and Data Verification Sections of this calculation package. 

HYDROLOGIC AND BASIN ROUTING ANALYSES 

Hydrologic analyses are completed for the construction and the post-development phases of 

both the East OSDF and the West OSDF design scenarios and for the construction phase of 

Design Case “A”. For each design scenario (i.e., West OSDF and East OSDF Design Scenarios) 

and design case, a nodal network is prepared, for a total of three nodal networks. For the East 

OSDF Construction Phase Design Scenario, HydroCADT“ runs are performed for the 2-year and 

Z-year, 24-hour storm events. For the West OSDF Construction Phase Design Scenario, 

HydroCADT” runs are performed for the IO-year, 25-year, and 100-year, 24-hour storm events. 

For both the East and West OSDF Post-Development Design Scenario, HydroCADTM runs are 

performed for the 2-year 24-hour and the 25-year 24-hour storm events. For Design Case “A”, a 

HydroCADT” run is performed for the 25-year, 24-hour storm event. In total, 10 runs are 

performed. HydroCADTM output reports for these runs are presented in Attachments C-IA, C- 

IB, C-IC, C-ID, and C-IE for the East OSDF Construction Phase, Wdst OSDF Construction 

Phase, East OSDF Post-Development, West OSDF Post-Development Design Scenarios, and 

Design Case “A”, respectively. 

phase V 



GEOSYNTEC CONSULTANTS PAGE 132 O F ' z 8  
Written by: D a t e : U ? f i O '  Reviewed by: 3 6  Date: 5 a X 4 d B 2 -  

Client: Jlitnr Fer- Project:- V Project No.:&Q&Task N o . : X  

D - $ 6 6 4  
RunofSciirue numbers 

Weighted runoff curve numbers are calculated using a spreadsheet. Results are presented in 

Attachment C-2. An example calculation is provided in the same attachment. The calculated 

weighted runoff curve numbers are input directly to HydroCADTM. 

HYDRAULIC ANALYSES 
Calculation parameters obtained from HydroCADTM for use in design include the following. 

B 

0 

For evaluating sedimentation potential in permanent channels: 2-year, 24-hour 

For channels: 25-year: 24-hour peak flow rates (c-fs). 

velocities (fps). 

For culverts: Z-year, 24-hour peak flow rates (cfs). 

For the OSDF Basin 2: 25-year and 100-year, 24-hour peak water elevations (ft 
MSL), and 10-year, 24-hour runoff volumes (acre-ft). 
For the Borrow Area Basin: 25-year, 24-hour peak water elevations (ft MSL), and 2- 
year, 24-hour runoff volumes (acre-ft). 

0 

I2hanmk 
Hydra ulic Ccl pa ci9 , 

For each new and existing channel, peak flow depths are calculated using a computer 

spreadsheet. The peak flow depth is subtracted from the minimum available depth (from 

Construction Drawings) to obtain the minimum available freeboard. A computer spreadsheet is 

presented in Attachment C-3 that includes minimum, available freeboard and example 

calculations for the computations performed in the spreadsheets. For both new and existing 

channels, the minimum available freeboard is equal or greater than 0.5 ft  with only one 

exception. For the exception, the channel has a 0.3 ft  of freeboard. However, if this channel 

were to overflow, the water would be contained and routed back into the channel by the existing 

ground topography. 

phase V 
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Lining 

For each new channel, peak flow velocity is calculated using a computer spreadsheet. Peak 

flow velocities and channel linings are presented for each new channel, in Attachment C-3. All 

new channels will be grass-lined channels and have maximum flow velocities less than 5 fps. 

Sedimentation 

For each permanent channel, hydrology results for post-closure conditions and the 25-year 

24-hour storm event are calculated for use in the Phase V calculation “Sedimentation Evaluation 

of Permanent Drainage Channels for High Frequency Design Storms”. These results are 

provided as part of HydroCAD’;’; output reports presented in Attachments C- IC and C- 1 D. 

Hydraulic Capacity 

For each culvert, peak flow rates are obtained from HydroCADTM output. Based on peak 

flow rates and culvert input data, CulvertMaster@ is used to calculate headwater elevations for 

inlet and outlet control conditions. CulvertMaster@ output summary sheets are presented in 

Attachment C-4A. Calculated headwater elevations and overtopping elevations are tabulated and 

presented in Attachment C-4B. 

For all new culverts, the overtopping elevation exceeds the maximum calculated headwater 

elevation by at least 0.5 feet. 

Outlet Protection 

For each new culvert, recommendations for outlet protection, based on guidelines described 

in the Procedure Section of this calculation package, are presented in Attachment C-4B. 

Downstream riprap length for the outlet of culverts 11, 23, 25, 27, 28, and 3 I from the East 

OSDF Design Scenario are 10 ft, 13, ft, 0 ft, 12ft, 12 ft ,  and 0 ft respectiwely. Upstream riprap 

length for the inlet of culverts 1 1 ,  23, 25, 27, 28, and 3 1 from the East OSDF Design Scenario 

are 5 ft, 6 ft, 0 ft, 6 ft, 6 ft, and 0 ft respectively. Downstream riprap length for the outlet of 

culverts 5 ,  12, 13, and 14 from the West OSDF Design Scenario are 14 ft, 10 ft, 5 ft, and 0 ft  

respectively. Upstream riprap length for the inlet of culverts 5 ,  12, 13, and 14 from the West 
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OSDF Design Scenario are 7 ft, 5 ft, 2.5 ft, and 0 f t  respectively. Upstream riprap length for the 

inlet of culverts 1, 3, 4, and 8 from Design Case “A” are 0 ft, 6 ft, 0 ft, and 10 ft respectively. 

Downstream riprap length for the outlet of culverts 1, 3,4, and 8 from Design Case “A” are 0 ft, 

3 ft, 0 ft, and 5 ft respectively. 

Structural Stability 

For each new CMP culvert, minimum required and available cover are tabulated and 

presented in Attachment C-4B. For each new culvert, the available cover exceeds the minimum 

required cover. Calculations are provided in Attachment C-4B. 

OSDF Basin 2 

The required storage volume based on the 10-year, 24-hour storm event is obtained from 

HydroCADTM output. In addition, the required storage based on total upstream drainage area is 

calculated (an example calculation is provided in Attachment C-5). The available storage 

volume exceeds both of the required storage volumes. Analysis results are tabulated and 

presented in Attachment C-5. 

The peak water elevations for the 25-year and 100-year storm events are obtained from 

HydroCADTM output. The peak water elevation €or the 25-year storm event is below the 

elevation of the emergency spillway, and the peak water elevation for the 100-year storm allows 

for more than 1 ft of freeboard to the minimum embankment crest elevation. Analysis results are 

tabulated and presented in Attachment C-5. 

Borrow Area Sedimentation Basin 

The minimum required storage volume based on the total upstream drainage area is 

The available storage 

Analysis results are tabulated and 

calculated (an example calculation is provided in Attachment C-5). 

volume exceeds the minimum required storage volume. 

presented in Attachment C-5. 

The peak water elevation in the emergency spillway for the 25’year, 24-hour storm event 

allows in excess of I ft  of freeboard from the minimum embankment crest elevation. 

- 
411 -- 
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- 4664 

The post-development outflow from the 25-year, 24-hour storm event for the OSDF 

Sedimentation Basin 2 is 0 cfs. In addition, the post-development outflow from the 25-year, 24- 

hour storm event for the Borrow Area Sedimentation Basin is 0 cfs. HydroCADTM output reports 

for these runs are presented in Attachments C-IC and C-ID for the East OSDF Post- 

Development (for the Borrow Area Sedimentation Basin) and West OSDF Post-Development 

(for the OSDF Sedimentation Basin 2) Design Scenarios, respectively. 
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Type I1 24-hr Rainfalk2.55" 
Page 1 

1 /29/2002 

- 4 4 6 4  Pond 3P: Borrow Area Basin 

Inflow = 40.30 cfs @ 12.85 hrs, Volume= 10.163 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 
Primary = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af 

Routing by Stor-lnd method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs 

Peak Elev= 571 53' Storage= 10.1 57 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Conic sections 

Elevation Surf.Area 
(feet) (acres) 
570.00 6.391 
571 .OO 6.687 
572.00 7.01 7 
573.00 7.290 
574.00 7.61 3 
575.00 7.921 

1nc.Store 
lacre-feet) 

0.000 
6.538 
6.851 
7.153 
7.451 
7.766 

Cum.Store 
(acre-feet) 

0.000 
6.538 
13.390 
20.543 
27.994 
35.760 

W et.Area 
(acres) 

6.391 
6.690 
7.023 
7.300 
7.626 
7.938 

Primary OutFlow (Free Discharge) 

1 =Orifice/Grate 
Rectangular Weir 

# Routing Invert Outlet Devices 
1 Device 2 575.30' 48.0" Horiz. Orifice/Grate X 2.00 Limited to weir flow C= 0.600 
2 Primary 569.80' 48.0" x 200.0' long Culvert X 2.00 Ke= 0.700 

3 Primary 578.00' 20.0' long Broad-Crested Rectangular Weir 
Outlet Invert= 569.00' S= 0.0040 '/' n= 0.024 Cc= 0.900 

Head (feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

000259 
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Pond 3P: Borrow Area Basin 
Hydrograph Plot 4 6 6 4  

8 -  - 
L / ?  
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Easl  OSDF 
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Type I/ 24-hr Rainfak4.70" 
Page 1 

lnsf2002 

Time span=0.00.24 00 hrs. dr-0 05 hrs. 481 points 
Runall by SCS TR-20 melhod. UWSCS. Type 11 24-hr Rainfallr4.70' 

Reach muling by Stor-lnd+Trans melhOd - Pond muling by Slor-lnd method 

. . Subcatchment A: vegelaled final cover synem 
Tc=17.3mm CN-83 Araa=l 964 ac Runoff=6.81 cfs 0473  a i  

JubCalchment AA: runon area ea51 of OSOF 
Tc.16.8min CN-74 Am~=2 .708ac  Runoff=6.97cls 0.478af 

a 
Subcalchmenl 8: vegetated final cover System 

Tc.6.2 mm CN=83 Ama=l 179 ac Runofl; 5.75 cfs 0.285 a1 

Subcalchmenl BB: runon eas1 of OSOF 
ICs9 1 mi" CN=79 4roa.0 761 ac Runlrff=3.03cls 0.161 af 

Subcatchment C: vegetaled final cover 
Tc:20 7 mm C N 4 3  Aroa=5 209 ac Runoff= 16.37sfs 1.255 af 

Subcatchment CC. runon easl of OSOF 
Ts.6.7 min CN=79 Aroa=O 121 a t  Runoff= 0.52 cfs 0 026 ef 

Subcalchmenl 0: vegetaled final Cover 
lc-20.1 man CN=83 Area-5.131 ac Runoff= 16.39cfs 1.236af 

Subcatchment DD: unvegelaled final cover syslem 
Tc-3 0 min CN=89 Araa=0.544 BC Runoff. 3.42cfr 0.158 af 

Subcalchmenl E: vegetaled final cover 
Tc=19 7 m m  CN=83 Area-5.092ac Runoff= 16 4 8 c b  1.227af 

Subcalchmenl EE: NnOn north of borrow area 
Tc.25 4 min CN=77 Ares-0.925ss Rundi=2.10cfr 0.182e.f 

Subcalchmenl F: vegetated final cover 
Tc=19 7 m m  CN-83 Area-5.053ac Runofi; 16 35cb 1217a f  

Subcalchmenl FF: unvegelaled final cover system 
Tc=3 0 min CN=89 Aroa=3.089 ac Runoff= 19.43 cis 0.897 af 

Subcalchmenl G: un-vegetaled final cover 
T c = ~  9 mm CN=89 Araa=5.309 85 Runoffs 31 66cfr 1.541 a i  

Subcatchment GG: construclion laydown area 
Ic=28.3mon CN=78 Arsacl 975ac Runofl-4.34sfr 0 . 4 0 2 d  

Subcalchmenl H: unvegelaled final cover 
Ts.4.1 man CN=89 Aream3 487 ac Runoff= 21.41 cfs 1.012 af 

Type If 24-hr Rarnfa//=Q 70" 
Page 3 Prepared by GeoSyntec Consvllanls 
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Subcatchment PP: vegetated bonow area 
T - - -  .-OS 5 min CN=6J Area-10.961 BC Runoff= 25.40 d s  4.631 af 

Subcalchmenl 0: runon north of borrow area 
rc=31.8mm CN.72 Area=7.70Oec Runofi=12.29cfs 1.25211 

Subcatchment R: runon north of borrow area 
T c ~ 2 1 . 6  min CN-74 Area-2.612 bc Runoffs 5.83cfr 0.460af 

Subcalchmenl S: runon north of borrow area 
Tc-27.9 mm CN.78 AraasO.402 aC Runoff= 0 89 c h  0 082 sf 

Subcalchmenl T direct runon to pond 
Ic.1 0 min CN=98 Aresa=0.418 ac Runoff= 3.08 cis 0.155 af 

Subcalchmenl U: runon easl of OSOF 
Tc=32.3 min CNz72 4rea-4 149 ac Runoff. 8.57 cfr 0.674 af 

Subcalchment V: direct N n o n  IO pond 
Ic=l Omin CN=B8 ArsasO.214 ac Runofl; 2.03dr 0 102af 

Subcalchmenl W: runon east of OSOF 

Subcalchment X runon easl of OiOF 

Tc:lZBmin CN.72 Arean10.593ac Runoffs2888dr 1733a f  

Tc=334 mi" CN.71 Area=11.853ac Runoff=17.50cfr 1.851af 

Subcatchment y: runon area east of OSDF 
Tcr388min CN=73 Areai6522aC Runoff=984cfr 1.101af 

Subcalchmenl z' runon area east of OSDF 
l c r 2 3 7 r n t n  CN-72 Sma-1.606ac Runoff=3.11 cfr O262af 

Infbus 10.31 s k  0.758af 
Lenqlh. 420 0 U a i  Vel= 2 I Ips Capsctly-; 754.76 CIS Oulfbun 10 06 d r  0.756 af 

Inflow= 6 61 cfs 0.693 i f  
Langlh= 100.0' Ma<VaI= 5.4 Ips Capacrv= 1.101.12ds Oulfbus6.59 cfa 0.693af 

Infbw= Y6.37 CIS 2 010 af 

Reach I :  easi drainage channel 

Reach 1R: (new node) 

Reach 2: east drainaae channel .. ~~ ~~ 

Lenglh- 120.0 Max Val= 2 7 Ips Capactly. 1.205.98 cfs Oul(bws 25.59 cfr 2.005af 

Inflows 3.30 CIS 0.192 af 
LOnqlh= 1 0 0 0  MarVal. 4 3 fp r  Capac i l y  1,101.12 cfr Oudbw= 3.25cfr 0.192af 

iach 2R: (new node) a 
Reach 3: easl drainage channel Inflow- 40.77 C b  3.241 af 

Lenglh- 420 0 Mas Val= 3 . 3  fps CapacIy= 1.563 67 cfr Outflow. 39.76 CIS 3 234 af 

Type If 24-hr RainfaNd. 70" 
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Subcalchmenl HH: runon north of borrow area 
Tc.13.9 min CN.79 Arsa=0.548 ac Runoff- 1.86 d r  0 116 ill 

Subcalchmenl I: conslruclion support 
Tc=lS 4 min CN.82 A m a = I  690ac Runoff=6.01 cfs 0.395af 

Subcalchmenlll: runon area to borrow area 
Tc=23 0 mm CN=68 Areas I 669 as Runoff= 2.13 cfs 0 230 af 

Subcalchmenl J: ConslNclion support 
Tc=28.5 min C N = ~ I  ~ , ~ ~ = 2 . 6 4 7  ilc Runoff= 6.45 CIS 0.596 af 

Subcalchment JJ: runon area 10 borrow area 
Tc-4 1.9 man CN=62 Z I B ~ E O  9 1 4  ilc Runoll= 0.69 cfs 0.094 af 

Subcalchmenl K: conrtrunion support 
Tc=26.8 min CN-78 Sirsa=4,135ac Runoff-9.00 CIS 0.841 af 

Subcalchmenl KK: rumn area to borrow area 
Tc-36.4 mm CN.64 Area=S.893 ac Runoff= 5.63 CIS 0.674 af 

Subcalchmenl L: NnOn north of borrow area 
TC.15.4 mm CN=76 Aceas1.683ac Runoff=4,88dS 0.3208f 

Subcatchment LL: runoff area 
Tcs28.1 min CN=~I ~ ~ ~ ~ r 7 . 0 4 9  sc Runon= 6 61 CIS o 693 af  

Subcatchmenl M: runon north of borrow area 
T s = l Z . I  min CN.79 Amasl.OOOac Runoff-3.60cfs 0.212af 

Subcalchment MM. runoff area 
Tc-9.9min CNr61  Area-1.943ac Runoff=3,30sfs  0.192af 

Subcalchmenl N: diren N n o n  Io pond 
T c = l  0 mm CN=98 Am*-1.818 ac Runolf= 57.89 CIS 2.908af 

Subcatchment NN: runoff area 
h i  4 mm CN-66 Area.1 274ac Runoff=3,78cfr 0.162ef 

Subcalchrnenl 0: runon north of borrow area 
Ic=1.3mm CN=79 4 roa i l . 317ac  Runo f f=654c f r  0.279af 

Subcatchment 00. runon area lo borrow area 
T c 6 . 4  mm C N 4 6  Arean0 3 9 9 ~  Runofl; 1 . 0 6 ~ f r  0051 af 

Subcalchmenl P: runon nonh of borrow area 
TCr33.7min CN i75  4roa=5238ac Runoff=9.16sfr  0 9 5 5 a f  

East OSOF 
Prepared b y  GeoSynlec Consuilanls 

Reach 3R: (new node) 

Reach 4 east drainage channel 

Type I /  24-hr Rainfall=? 70" 
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Innow= 3.78 crs 0.162 
Length- 100.0 Mar V s b 1  5 f p r  Capacity. 1 . 1 0 1 . 1 2 c h  O u d b w s 3 . 7 2 ~ f s  O.162af 

infmw= 53 i o  cfs 4 461 af 
Lsnglh=1200 MaxVe I=35 fps  Capacly- 1 . 1 0 6 5 3 i f r  Oulflow=52,07cfr 4.451 sf  

Reach 5: eas1 drainage channel inflow- 63.69 5 669 
Lcnglh= 440.0' Mas Vel= 3.5 IPS CaPao IF  I82 58 dS OulflOw= 62.69 cfs 5.656 af 

Reach 6: easl drainage channel lnllow= 66.14 CIS 7.197 af 
Length= 480.0 Max Veli 4 5 IPS Capaclly; 258 21 cfa Outflow= 65 27 dr 7.185 af 

Inflow= 67.32 cfs 8.197 af 
Length- 140 0 Mal: Vel= 4 6 ips Capdc l l r  556.08 cfs Oulfbws 67.02 cis 8.193 af 

Infbw= 65.98 cfs 9.092 a i  

Reach T: runoff diversion channel 

- 
Reach 8: runon diversion channel 

LanglhS 2 0 0  Ma6 Veln 2 .71~5  CaPaclly= 1.379.30 CfS Oulnow: 65.95 c h  9.067 af 

I n b w a  65.95 dr 9 067 af 
C0pa;ll'F 407 65 5 f S  Outflown 65.46 cis 9.051 af 

Reach 9: runoff diversion channel 
Lengths 295.0' hlas L'al= 3 4 IPS 

innow- 70.70 10.542 st Reach 10: runoff diversion channel 
Longlh- 610 0 Mar Veli 3 5 Ips Capas i l y  13&0 d s  Outflow= 70.22 cfs 10.507 af 

Reach 11: new CMP arch Inllow. 76.92 CIS 11.750 a i  
Length= 65 0 Ma1 Vel= 5.5 fPS Capacdp 408 6 I cfs Our(low= 76.87 c b  11.747 af 

innow=76.87cir 1 1 . 7 4 7 ~ r  

inflow= 142.35 cis 21.6~8 d 

Reach 12: runoff diversion channel 
Lenglh- 270 0' Max Vel= 36 Ips Capas t i r  134.16 CIS Oufflowr 76.68 cfr 11  730 af 

Reach 13: Nnoff diversion channel .:I' 

Lenglhi 1500' MaxV*Is 3 9 f P l  C lpa~ ly=235 .94  dr Oul(low= 142.00cfr 21 641 af 

Infbwm 0.52 cis 0 026 af 
Langlh; 420 0 frlai Vel; 0 9 IPS Capac i l r  22.78 CIS Oulou=  0 38 c b  0 025 af 

Inflow* 3.20 cfr 0.186 af 
Length. 420.0 Mar V*I= 1.8 Ips Capacny-; 61 62 cfs Oudlow- 2.82 ds 0.186 af 

Reach 14: east runon channel 

Reach 15: east runon channel 

Innow. 9.76 0.664 af Reach 16: easl runon channel 
Lengths 420.0 Max Vel* 2 6 IPS C l p a c i l r  256 58 cfr Oudlou= 9 .33  cfr 0.661 sf 

M b w =  12.43 cfs 0.923 af 
Lenglhr 420.0' Mar Vel=3 2 fps Capasnp 436.18 cf5 Oulfbw. 12.07 cfr 0.921 af 

Infbw; 21.43 cfr 2.022 af 
Lenglh= 440.0 Mas Val= 3.7 fPS CaPasl l r  165.20 d S  Oulflow= 20.99 dr 2.01 7 af 

Reach 1I: ea51 runon channel 

Reach 1.5: east runon channel 
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Reach 19: ea51 NnOn channel Infbw. 38.43 cfli 3 868 a1 
Length. 470.0 Mar Vel= 2.8 Ips Capacity91 I I 2  cfr Oulllow= 37.75 cfs 3 055 e l  

Inflow= 43.35 CfS 5.587 af 
Lsnglh- 75.0 Mar Vel= 4 2 Ips Capacily 153 84 clr Oulfbw- 43.26 CIS 5.566 af 

Infbw-45.89cfs 6.151 al 
Oulfbw- 45 84 clr  6.149 af 

Reach 20: easlrunonchannel 

leach 21: easl Nnon channel 
Length= 65 0 Mar Vel= 4 5 fps Capacay 169.20 cfr 

RunoHArea i 114.@SS ac Volume = 31.570 af Average Depth = 2.17" 

- 4 6 6 4  
Reach 22: eas! runon channel Inflow- 46 33 c h  6 231 af  

Length. 190 0 Max Vel= 4 5 Ips Cspacily 364 4 0  cfs Oulllow= 46 I 8  cfs 6 226 a1 

Reach 2 3  new CMP Culvens Inflow- 48 76 CIS 6 862 a1 
Lenglhs 95 0 Mar Vel= 5.4 Ips Capacity= 473.85 clr Oulllow- 18 69 CIS 6 859 af 

Inlbw; 57 16 cfs 8 I I I af 
Lsnglhs 160 0 MazVel= 4 0 Ips Capacity 153.54 clr Oulllow= 56 98 sfs 8.104 11 

Inflow= 64 23 clr 9 050 af 
Langlh; 60.0 Mar Val= 5.7 Ips Cspacdy 453 67 d r  Oulfbwi 64.20 cfs 9 056 af 

Inflow= 64.20 CIS 9.056 af 
Lenglh- 300 0 Ma. Vel- 4.4 Ips Capacily 90.1 1 CIS O u l l b w ~  64.04 cfs 9.045 af 

Inflow- 64.90 CIS 9 365 SI 
Lmglh- IIO.O Mas Vel= 5.7 Ips Capacilp 455.55 cfs Oulfbw. 64.87 cfr 9 361 a1 

Reach 28: new CMP culvens Inflow? 70.78 CIS 10.544 a1 
Lenglhi 65.0 Mar Vel= 5 4 fpr Capacily 408.61 cis Oulllow- 70 70 CIS 10.542 af 

Inflow; 47  IO cfs 6 408 a1 
Lsnglh. 230 0 Max Vel= 4 6 Ips Capacily 255.23 CIS Outflow- 46 91 CIS 6.102 af 

lnfbwr 45 98 CIS 6.152 at  
Length- 30.0 M a i V e k  4.5 Ips Capacny 104 05cfr Oullbwn 45.89 CIS 6 151 af 

Reach 31: culven Inllow= 6.54 cfs 0 279 a1 
Lenglh= 80.0 Max Vet= 4 8 fpr Capacily 946.99 cfr Oulflow= 6.33 cfs 0 279 a1 

Peak Slorago- 1.584 af Inflow= 49 32 clr 6 362 af 
Primary- 45.98 clr 6.152 af Outflow- 45.90 cfr 6 I52 a1 

Reach 24: runon channel 

Reach 25: new CMP arch 

Reach 26: runon channel 

Reach 21: new CMP arch 

Reach 29: east runon channel 

Reach 3 0  easl runon channel 

Pond IP: (new node) 

Pond 2P: (new node) Peak stofago= 2.250 .I innow= 69.22 cis 8 900 
Primary= 65.98 sls 9.092 01 OulIlow= 65.98 cfs 9 092 a1 

Pond 3 P  Borrow Area Basin Peak Slorago. 30 214 a1 Inflaw= 174 19 CIS 30 229 a l  
Primary- 0 00 cfs 0 000 af OuWow= 0 00 cfr 0 000 af  

Type / I  24-hr Rarnfaf/=4 7 0  
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Subcatchment A: vegetated f inal cover  system 

RUM(( = 6.81 c f s g  12.10 hn. Volume= 0.473al 

R u ~ l f  by SCS TR-20 method. UH-SCS. Tome Span= 0 00-24 00 hn. dl= 0 05 hrs 
Type II 24-hr Rainfall-4 70' 

Tc Length Slow Veloccy Capauty Description 

6.9 90 0.0500 0 2  Sheet Flow, 

3 8  60 O.lW0 0.3 Sheet Flow. 

6.4 150 0.1700 0.4 Sheel Flow, 

0.2 80 0.1700 6.6 Shallow Concentrated Flow, 

(mm) (feet) (fW (Ivseci (cfs) 

Grass: Short n= 0.150 P2= 2.60' 

Grass: Short n= 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kv; 16.1 Ips 
17.3 380 Tola 

Subcatchment A: vegetated final c o v e r  system 

East  OSOF 
Prepared by GeoSynlec Consullanls 

T y p  I /  24-hr Rainfa//*. 7 0  
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Subcatchment  AA: runon area east  of OSDF 

Runoff = 6 97 crs @ 12. I O  hrs. Volume= 0.478 af 

Runoff by SCS TR-20 melhnd. UH=SCS. Time Span= 0.00-24.00 h n ,  dl= 0.05 hrs 
Type I1 24-hr Rainfall=4 70' 

Area (ac) CN Descnplion 
2.708 74 

TC Length Slop Velouty CapaoIy Desmplion 

15.0 300 0.0800 0.3 Sheel Flow. 
(minl (feet) (Wll) (Wsec) (cfs) 

Grass: Short n= 0.1% ~ 2 = 2 . 6 0 '  

Unpaved KVE 16.1 ips 
0.6 170 0.0800 4.6 Shallow Concentrated Flow, 

1.2 300 0 0070 4.0 48.01 TrapNeelReR Channel Flow, 
Bot W=O.OO 0.2 00 Z= 3.0 'I n= 0.030 

16.8 770 Tool 

Subcatchment  AA: runon area east  of OSOF 
Hydrograph P l d  

0063263 



I-- ,Dlf ' 3 c J W G  & 

East  OSDF TvOe 11 24.hr Rainfa//*. 70" Type I/ 24-hr Ra;nfa/l=4.70" East OSDF 
~~ ~ 

Prepared by  Geosyntec Consultanls Page 9 Prepared by GeoSynlec Consullanls Page 10 
HflroCAOB 6 00 I l n  000929 0 1986.2001 Applied Microcomputer Syrtorn$ 1/29/2002 HwlmCAOB 6 00 $10 000929 0, 1986-2001 Appliod Microcomputer S y ~ l e m i  1/29/2002 

J 
Subcatchment E: vegetated final cover system Subcatchment EB: runon east of OSDF 

RUMH = 5.75 cfs @ 11.97 hrs. Volume= 0.285 a1 Runoff = 3.03 cfs @ 12.01 hrs. Volume= 0.161 a1 

R u ~ f f  by scs TR-20 melhad. UH=SCS. Time Span- 0.00.24.00 hrs. dl= 0 05 hrs 
~ y p e  11 24-hr Rainfa11=4.70' 

RuMH by SCS TR-20 method. UHGSCS. Time Span= 0.00-24.00 hn. dl= 0.05 0 - 4 6 6 4  hm 
Type II 24-hr Rainfa11=4.70- 

Area (ac) CN Descriplion Area (ac) CN Descriplion 
1.179 83 0.761 79 

TC Lenglh Slope Velocily Capauty Description TC Lenglh Slope Velocily Capacity Desuiplion 

2.6 50 0.1800 03 Sheet Flow. 6 7  110 0.08W 0.3 Sheet Flow, 

3.6 450 0.0045 2 1 9.75 TrapNeelRen Channel Flow. 2.4 360 0.0040 2.5 22.78 TrapNeelRen Channel Flow. 

6.2 MO Tala1 9.1 470 Tool 

/ 

(min) (leer) (IVlt)  (lusec) (ck) (rnin) (feet) (IUII) (Nsec) (cfs) 

Grass: Shon n= 0.150 P2= 2 60- 

~l .W=O.oo'  D-1 M' Z= 3.0 6 5 0 T n= 0.030 

Grass: Shon n= 0 150 P2- 2.60- 

BO~W=O.OO' D-102' z = 6 0 8 3 0 ' r  n=003o 

Subcatchment E: vegetated final cover system 

Hvdroaraoh Plot 

_ .  . . .  
. .  

. . . . .  

. . . . . . . .  

. . 

...... - . .  - 

. . . .  

. . _  

. . . .  

. . . .  

. _  . _  

a East OSDF 

Subcatchment BE: runon east  of OSDF 

Type II 24-hr Rainfall+. 70" 
Page 11 Prepared by  GeoSyntec Consullanls 

k r : ' . ~ X D @ 6  00 sln 000929 0 1986-2001 Applred Microcornpuler Sfllsms 1/29/2002 

Subcatchment C: vegetated f inal cover  

Runoff = 16.37 CIS @ 12.13 hrs. Volume- 1 255 ar 

Runoff by SCS TR-20 melhod. UHzSCS. Time Span= 0 00.24 00 hrS. dl= 0 05 h n  
Type II 24-hr Ramla11=4.70- 

Area (ac) CN Descriplion 
5.209 63 

Tc Length Slope Velocity Capacity Descnphon 

6.9 90 0.0500 0.2 Sheet Flow. 

3.8 60 0 1000 0.3 Sheet Flow, 

6.4 150 0.1700 0.4 Sheel Flow. 

0.4 I70 0 1700 6.6 Shallow Concentrated Flow, 

3.2 400 0.0045 2 I 10.88 TrapNeelRen Channel Flow. 

(rnin) (leet) (tvll) ( W s e c )  (cfs) 

Grass. Shon nS0.150 P2= 2.60' 

Grass' Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.1% P2= 2.60' 

Unpaved UF 16.1 Ips 

BotW=O.OO' D r l 0 2  2 = 6 0 8 4 . 0 T  n=OO30 
20.7 870 Total 

Subcatchment C: vegetated final cover 

E a s t  OSDF 
Prepared by GeoSynlec Consullanls 
HydroCAO@6 00 sln 000929 @ 1986-2001 Applied M i c r o ~ o m p ~ I e r  Splams 

Type / I  24-hr Rainfal ld. 70" 
Page 12 

1\29/2002 

Subcatchment  CC: runon east  of OSOF . 

RuwM = 0.52 cfs @ 11.98 hrS. Volume= 0.026 ar 

RuMH by SCS TR-20 method. UH4CS. Time Span= 0.00-24 00 hn. dl= 0.05 hm 
Type II 24-hr Rainfall=4.70' 

Area (ac) CN Descriplion 
0.121 79 

TC Length Slope Velouiy Capadiy Descripeon 

6.7 110 00800 0.3 Sheel Flow. 
(min) Ifeel) (full) (fvsec) (cfs) 

Grass: Shon n= 0.150 P2- 2.60' 

Subcatchment  CC: runon east of OSDF 
Hvdroqrwh Plol 



East OSOF 
Prepared by GeoSynlec Consullanls 
~ydroC9OQ 6 00 sin 000929 0 1988.2001 A p p I ~ d  M i ~ r ~ ~ o r n p u i d r  Svslarns 

Type / I  24-hr RainlaU.4.70" 
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1/29/200~ 

1 8 .  
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Subcatchment 0: vegetated final cover  

RWH = 1639cfs@ 12.13hn. Volume= 1.236af 

. I :  

. .  : I .  

-I.. i - - .. - i _ '  .. - , I  1 - - - _ .  - -' - ._ .. . ,  I ,  . ... . . .  ... . ~ . - i. : ~ - ~ . . L 1. : ,. .: - _. - 
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. . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . .  : r :  - 

, .  . . . .  .... . . .... . ..... 
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. .  
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, '  
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.... .. . .... ... 

. - - . :  . - - - _  
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Rum11 by SCS TR-20 method. UH=SCS. Tme Span= 0.00-24.00 hrs. dl= 0.05 h n  
Type II 24-hrRa!nfall=4.70' 

Area (ac) CN Description B 5.131 83 

TC Lenglh Slow VeKYily Capacity Dercription 

6.9 90 0.0500 0.2 SheelFlow. ' 

3.8 60 0.1000 0.3 Sheel Flow, 

6.4 150 0.1700 0.4 Sheet Flow. 

0 4  170 0.1700 6.6 Shallow Concentrated Flow. 

1.7 250 0.0045 2.4 16.16 TrapNeelReR Channel Flow. 

0.9 150 0.0050 2.9 25.90 TrapNeelRea Channel Flow, 

(min) (leel) (IUft) (IOsec) (CIS) 

Grass: Snon n= 0.150 P2= 2.60- 

Grass: SMn n= 0.150 P2= 2.60- 

Grass: SMn n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BOl.W=O.OO 0-1.29 2-5.0 h 3.0 'f n=0.030 

Bot.W=O.OO D-1.59 2; 4.0 h 3.0.f n-0.030 
20.1 870 Total 

Subcalchment 0: vegetated final cover 

Hydrograph Plal 
,a . . . .  - .  . . .  - . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . .  . .  ,) ....... ..: L. . , .  . . .  - .  w. . . . . . . . .  

. . . . .  
.... .. . . .  . . . . . . . . . . . . . .  
. I  

. . .  ... 

. . . . .  
. . .  . . . . . . . .  

. . . . . . . .  

. . . . . . . . . .  

,I. - .  

.... . . . . .  
. .  

, .  . . . . . . . . .  

rim. (hourr) 

East OSOF 
Prepared by GeoS yntec Consultants 

Typa / I  24-hr Rainlall.4.70" 
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112912002 

D :  
!:ydroCAO@6 00 sin 000929 0 1995.2101 Applied Mmocompulor Svrlerns 

East OSDF 
Prepared by Geasyntec Consuttants 
HbdroCADB 6 00 I l n  000929 0 1986-2001 Applied Microcornpuler S p l s m r  

Page 14 
1/29/2002 

Subcatchment DO: unvegetated f inal cover  system 

1491 Hinl: Tcc2dl may require smaller dl 

Run011 = 3.42 CIS @ 11.93 hrs. Volume= 0.158 a1 

 RUM^ by SCS TR-20 method. UH'SCS. Time Span= 0.00-24.00 hn. dlc 0.05 hrs 
Type II 24-hr Rainfa11=4.70- 

Area (ac) CN Descriptwn - A M A  
0.544 89 v 

Tc Length Slope Velocity Capacity Description 

1.1 2300.1700 3.4 Sheet Flow, 

1.9 20 0.0600 0.2 Sheet Flow. 

3.0 250 Total 

(minl (leel) (lull) (IUsec) (CIS) 

Smooth surfaces n= 0.01 I PZ= 2 60- 

Grass: shon n= 0 .1~0  ~ 2 =  2.60- 

Subcatchment DO: unvegetated final cover system 

Hvdrowaoh Plol 

Type // 24-hr Rainfaalld 7 0  
Page 16 

1/29/2002 

East OSDF 
Prepared by GeoSyntec Consultants 
HIdroCAOB 6 00 rln 000929 8 1986-2001 Applied Mi~racornputsr Swiarns 

Subcatchment EE: runon north of borrow area 

RuMI~ = 2.10 CIS @ 12.19 hn. Volume= 0.182 af 

R u ~ l l  by SCS TR.20 melhod. UH=SCS. Time Span; 0 00-24.00 hrs. dl= 0 05 hrs 
. Type 11 24-hr Ramla11=4.70' 

Tc Length Slope Velocity Capacity Descn.ption 
(min) (leet) (Wft) (IVsec) (CIS) 
24 8 300 0.0230 0.2 Sheet Flow. 

Grass: ShOn n= 0.150 PZ= 2.60' 

Unpaved KG 16.1 Ips 
0.5 80 0.0230 2.4 Shallow Concentrated Flow, 

0.1 40 0 0100 7.6 3M.40 TrapNeelRecl Chanml Flow, 
Eol.W~O.00 Dz4.00 21 3.0 7 n= 0.030 

25.4 420 Tom 

Subcatchment E €  runon north of borrow area 



East OSDF 
Prepared by GeoSynlec Consultants 

Type I/ 24.hr Rain/a//=4.70" 
Page 17 

H+dmCADQl6 W sln OW929 0 1986.2001 Applied M~CmCornpUIw Splcrns 1/29/2002 

Subcatchment F: vegetated final cover  

~ w n  s 16.35cfs@ 12.12 hn. Volume= 1.217al 

. Rumfl by SCS TR.20 melhod. UH=SCS. Time Span. 0.00-24.00 hrs, dl= 0.05 hn 
rpe II 24.hr Rainla11=4.70' 

Area (ac) CN Descnplion 
5.053 83 

TC Lengln Slop? VelOClty Capacity Descriplion 

6.9 90 0.0500 0.2 Sheet Flow. 

3.8 60 0.1000 0.3 Sheel Flow. 

6.4 1% 0.17W 0.4 Sheet Flow. 

0.4 1700.1700 6.6 Shallow Concenlraed Flow. 

B 
(mm) (feel) (Wh) Iftlsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60- 

Grass: Shon n= 0.150 P2= 2.60- 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BOI.W=O.W D=~.w ~ 4 . 0  d 3.07 n= 0 . 0 3  
2.2 390 0.0050 2.9 26.33 TrapNeemeR Channel Flow. 

19.7 860 TOlar 

Subcatchment F vegetated f ina l  cover 

r 
East OSDF 
Prepared by GeoSyntec Consullanls 

Type I /  24-hr Rainla//=470' 
Page 19 

kllt:CAO@5 90 sin 000929 0 1386-2001 Appllad h4icrucornpuler Systems 1/29/2002 

Subcatchment G: un-vegetated final cover  

(191 H m l  Tcc2dl may require smaller d l  

Rum11 = 31.66cls@ 11.95hrs. Volume= 1.541 af 

RUM11 by SCS TR-20 method. UH=SCS. Tome Span= 0 00-24 00 hn. dl= 0 05 h n  
T m e  II 24-hr RainfaIl-4.7W 

Area tac) CN Description 
5.309 89 

Tc Langlh Slope Velocity Capacity Description 

0.9 90 0.0500 1.8 Sheet Flow, 

0.5 600.1000 2.1 Sheet Flow, 

0 8 150 0,1700 3.2 Sheet Flow. 

0.4 170 0.1700 6.6 Shallow Concentrated Flow. 

2.3 410 0.0050 2.9 26.33 TrapNeelRect Channel F l o i .  

4.9 880 TOlaI 

(rnin) (leek) (Wh) (hlsec) tcls) 

Smwlh surfaces n= 0.011 P2=2.60- 

Smwlh surfaces n= 0.011 P2= 2.60' 

Smwm stnfaces n= 0.01 I P2= 2.60' 

Unpaved Kv= 16.1 Ips 

Bot.W=O.W D=1.60 Z=4.Oh 3.0T n.0030 

Subcatchment G: unvegetated final cover 
Hvdroorrnk Plot 

l i  

Subcatchment FF: unvegetated final c o v e r  s y s t e m  

-- 4 6 6 4  (491 HmI: Tcc2dI may require smaller d l  

RumH = 19.43cfs@ 11.93 hrs. Volumes 0.897 a1 

RurmK by SCS TR-20 method. UH'SCS. Time Span= 0.00-24.00 hrs. dt= 0.05 hn 
Type I t  24-hr Rainfa11=4.70- 

Area (ac) CN Descriplion 
3089 89 

TC Lenglh Slope VelociV Capacity Descnplion 

0.9 90 0.0500 1 8  Sheet Flow. 
(min) (feel) (lU11) (fused (CIS) 

SmWlh Sheel Flow. surfaces n= 0 01 1 P2- 2 60' 
0 5  60 0 IO00 2 1 

Smooth surfaces n= 0 01 I PZ= 2 60' 
0 8  150 01700 32 Sheel Flow. 

Smwlh surfaces n= 0 01 1 P2= 2 M)' 
Shallow Concentrated Flow, 0 5  210 01700 6 6  
Unpaved Kvs 16 1 Ips 

0 3  120 01410 60 Shallow Concentrated Flow, 
UnDaved Kv= 16 1 Ips 

3 0  6u) Tom1 

Subcatchment  FF: unvegetated final cover system 
Hydrograph Plot 

E a s t  OSDF 
Prepared by GeoSynlec Consullanrs 

rvpe / I  24-hr Rainla//*. 70' 
Page 20 

H N ~ o C A D B ~  00 dn 000929 0, 1906.2001 Applidd Microcornpuler Splsrns I/29/200q 

Subcatchment  GG: const ruct ion l a y d o w n  area 

Runoff = 4 34 cfs @ 12.23 hm, Volume= 0 402 a1 

Runoff by SCS TR-20 melhod. UH=SCS. Time Span= 0 00-24.00 hrs. dl= 0.05 hn 
Type II 24-hr Rainfall=4.70' 

Area (at) CN Description 
1,975 78 

TC Lenglh Slope Velncily Capacity Description 

26.2 300 0.0200 0.2 Sheel Flow. 
(mi") (feet) (rtlh) (Wsec) (cfs) 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kv= 16 I fps 
2.1 290 0.0200 2.3 Shallow Concentrated Flow. 

28.3 590 Tolal 

Subcatchment  GG: const ruct ion l a y d o w n  area 

'Hvdraoraoh Plal 

000266' 



East OSOF 
Prepared by GeoSynlec Consultants 
HyJmCAOf)6.00 dnOOO929 B 1986-2001 Appliod Mic(ocompu1or S+lorns 

Type / I  24-hr Rainla//*. 70" 
Page 21 

1/29/2002 

Subcatchment H: un-vegetated final cover  

1491 Hinl: Tcc2dl may require smaller d l  

Runoff = 21.41 cis@ 11.94 hn. Volume= 1.012al 

i u m M  by SCS 113.20 method. UH=SCS. Time Span= 0.0@24.00 hn. dt= 0.05 hn 
rype I1 24-hr Rainfa11=4.70' 

Area (ac) CN Description 
3.487 89 

B 
Tc LenQlh Sbpe Velocily Capacity Description 

0.9 90 0.0500 1.8 Sheet Flow, 

0.5 60 0.1000 2.1 Sheet Flow. 

0.8 '150 0.1700 3.2 Sheet Flow. 

0.4 I40 0.1700 6.6 Shallow Concerilraled Flow. 

1.5 440 O O I O O  4.8 57.39 TrapNeelReR ChannelFlow. 

4.1 880 TOfal 

(min) '(reel) (WP) (lusec) (CIS) 

Smoolh surfaces n= 0.01 1 P2= 2.60' 

Smwlh surfaces n= 0.01 1 P2= 2.60' 

Smwlh surfaces n= 0.01 1 P2= 2 . W  

Unpaved KF 16.1 Ips 

BOi.w=o.O~ D=2.00 Z= 3.07 n= 0.030 

Subcatchment H: un-vegetated final covei 
Hvdrooraoh Plot 

Type /I 24-hr Rainfa//+ 7 0  
Page 23 Prepared by GeoSynlec Consullants 

k l m a L @ 6  00 rln 000929 @ 1986-2001 4ppllod M~crorompulsr S+lsrnr 1/29/2002 

Subcatchment I: c o n s t r u c t i o n  support 

RunoK = 6 01 cfs @ 12.07 hn.  Volume= 0.395 a1 

R u ~ l f  by SCS TR-20 memod. UHZSCS. Time Span= 0.00.24.00 hts. dl' 0.05 hm 
Type I1 24-hi Rainfalls4.70' 

Area (ac) CN Oescripuon 
1.690 82 

TC Lenglh Slope Velucily Capacity Desa'plion 

15.4 2 M  0.0440 0.2 Sheet Flow, 
(min) (feet) (IWR) LWsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60- 

Subcatchment  I: construction support 
Hydrograph Plol 

B 

Subcatchrnent HH: r u n o n  north of b o r r o w  area 

Runall i 1.86 cis@ 1206 hrs. Volume; 0 116al 

Runoff by SCS TR-20 melMd. UHGSCS. Tlme Span= 0 00-24 00 h. dl= 0 05 h n  
Type I1 24-hr Ramlall-4.70- 

Area (ac) CN Descriplion 
0.548 79 

TC Lenglh Slope VeloC#ly Capacity Desuiplion 
(min) (feet) (IUII) (Nsec) (crs) 
13.2 90 0.0100 0.1 Sheet Flow. 

0.7 230 0.0045 5.1 352 87 TrawVeelRen Channel FIOW. 
Grass: Shon n- 0.150 p2= 2.60' 

Bo1 W=20 00' 0-2 5 0  Z= 3 0 7 n= 0 030 
13.9 320 Total 

Subcatchment  HH: runon north of borrow area 

. . . .  i 2 .  

Hydrogmph Plol 
. .  . .. -: - . .. - .. . . - ~. - . 

_ .  . . .  . .. 

. .  3 .  
. .  
i 1 1  i 5 (I ? 8 i IO 

r 

. .  - . . . - . . . . , . . .. .. 
. .  

T y p  I/ 24-hr Rainla//*. 70' 
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E a s t  OSDF 
Prepared by GeoSynlec Consullants 
HVdroCAOf)6 00 sin 000929 0 1985-2001 Appltcd MciruCompuIm Spiams 1/29/2002 

Subcatchment  II: runon area lo borrow area 

Runoff = 2.73cIsO 12.17 hn.  Volume= 0.230 ar 

Runoff by SCS TR-20 method. UH=SCS. Time Span- 0 00-24.00 hrs. ai= 0.05 hrs 
Type I1 24-hi Rainfd1=4.70' 

, 

Area (ac) CN Descripliun 
1.669 68 

Tc Lenglh Slope Velocily Capaory Descnplion 

14.9 210 0.0400 0.2 Sheet Flow. 
Grass: Shon n= 0.150 P2=2.60' 

0.2 70 0.1G60 6.G Shallow Concentrazed Flow, 
Unpaved Kv= 16.1 Ips 
Shallow Concentrated Flow. 7.9 380 0.0025 0.8 
Unpaved Kv= 16.1 rps 

(min) (feet) (hth) (Wsec)  ( c b l  

23.0 660 Toial 

Subcatchrnent (I: runon area lo borrow area 

Hvdrmnnh PIM 

000267 



East OSDF 
prepared by GeoSynlec Consultanls 
~ m C A 0 @ 6 . 0 0  sfn 000929 0 1986.2001 Appltrd MrCro~ornp~Iar  Sy5lsmr 

Type I /  24-hr Rainla//+. 70- 
Page 25 

1/29/2002 

Subcatchment J: construction support 

RUMH = 6.45 cfs @ 12 22 hrs. Volume= 0.596 a1 

R u ~ f f b y  SCS TR-20 metMd. UH=SCS. Time Span= 0.00-24.00 hn. dl= 0.05 hrs 
Type II 24.M Rainfalt=4.70- 

TC Lengrh Slope Velocity Capacity Descriplion 

27.6 300 0.0176 0 2  Sheet Flow, 
(min) ( l e e l )  (fUll) (fllsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kvr: 16.1 fPs 
0.9 1100.0176 2.1 Shallow Concentraled Flow. 

28.5 410 Tola 

Subcatchment J: construction support 
HVdromanh PIM 

East OSOF 
Prepared by GeoSynlec Consullanls 

1 I 3a\ fi *& r y p  /I 24-hr Radal/=4 70' 
Page 26 

HrarnCADm 6 00 rln 000929 0 1986-2001 A p p b d  M ~ ~ m ~ ~ m p u l e t  S-ternr 112912002 

Subcatchment JJ: runon area to  b o n o w  area 

Runon 5 0.69 c h  @ 12.44 hrs. Volume= 0.094 af 

Runolf by SCS TR-20 meihod. UH=SCS. Time Span= 0.00-24.0 hrs. dl= 0.05 hrs 
Type I I  24.1~ Rainfa11=4.70' 

Area (ac) CN Descnplion A H #  a 
0.914 62 

TC Lenglh Slope Velocily Capacity Desuiplion 
p i n )  (feel1 (fUlrl (Wsec) (cfs) 
23.9 300 0.0250 0.2 Sheet Flow. 

Grass: Short n= 0.150 P2= 2.60 
Shallow Concentrated Flow. 
Unpaved Kv= 16.1 Ips 
Shallow Concentrated Flow. 
Unpaved KF 16.1 fps 
Shallow Concentraled Flow, 
Unpaved K v ;  16.1 Ips 

0.3 40 0.0250 2.5 

0.3 110 0.1660 6.6 

17.4 840 0.0025 0.8 

41.9 1.290 Tolal 

Subcatchment JJ  runon area to  borrow area 

Type I /  24-hr Rain/a//4.70' 
Page 27 Prepared by GeoSynlec Consullanls 

HydmCAO@6 00 rln 000929 Q 1986-2001 Applied Mi~r0~orn~u1.1 Syxern~ 1/29/2002 

Subcatchment K: construction support 

RIJMH = 9.OOcfs @ 12.23hrs. Volume' 0841 al 

Runolf by SCS TR-20 method. UWSCS. Time Span= 0.00-24.0 h n ,  dl= 0.05 lirs 
Type II 24-hr Rainlall=4 70- 

East OSDF 
Prepared by GeoSyntec Consultants 

Type /I 24-hr Rain/d//=4.70" 
Page 28 

HdroCdDa6 00 rln 000929 @ 1986.2001 Applled Micmcompvror S$3lsms 1/29/2002 

Subcatchment K K  runon area to borrow area 

~ u d f  = 5 61 cfs @ 12 36 hn. Volume' 0 674 af 

Run011 by SCS TR.20 method. UH=SCS. Time Span= 0.00-24 00 hrs. dl= 0.05 hrs 
Type I1 24hr RainfaII=4 70' 

TC Length Slope Velocily Capacity Description 
(min) (leet) (Wit) (ftlsec) (cfs) 
26.2 300 0.0200 0.2 Sheet Flow 

Grass: S h o i  n= 0.150 P2= 2.60' 

Unpaved KF 16.1 Ips 

BOLW=IO.OU 012.00 z= 3.07 n=  0.030 

1.8 250 0.0200 2.3 Shallow Concentrated Flow, 

0.8 200 0.0045 4.2 133.88 TrapNeelRed Channel Flow, 

28.8 750 Total 

Subcatchment K construction support 

e 

d 

- 
- 
h '  

2 

I 

0 

Tc Length Slope Velocity Capaciiy Descriprion 

22.9 300 0.0280 0.2 Sheet Flow, 
fmin) (feet) (hlfll (hlsec) (clsl 

Grass: Short n= 0.150 P2= 2.60- 

Unoaved Kv= 16.1 for 
1.3 150 0.0140 1.9 Shallow Concentrated Flow, 

0.3 110 0.1660 6.6 Shallow Concentratid Flow, 

11.9 630 0.0030 0.9 ShaUow Concentrated Flow, 
unpaved Kv;  16.1 Ips 

Unpaved KF 16. I Ips 
36.4 1.190 Total 

Subcatchment KK: runon area to borrow area 

008268 



East OSDF 
Prepared by  GeoSynlec Consvllanls 

Type / I  24-hr Rainfa//=4.70. 
Page 29 

H4mCAW 6 00 SI" 000929 0 1986-2001 ADDlkd Microcornpuler SyilamS 112912007 

Subcatchment L: runon north of borrow area 

Runon = 4.88cfs @ 12.08hrs. Volume= 0.320af 

Runoff Oy SCS TR-20 melhod. UH=SCS. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type I1 2441 Rainla11470' 

Area lac) CN Descriplion 
I683 76 

Tc Lenglh Slope Vebcly Capacity Oesuiplion 

14.2 140 0,0200 0.2 Sheet Flow. 

D 
(rnin) (feel) (IUII) (Wsec) (CIS) 

Grass: S M n  n i  0.150 P2= 2.60- 
1.2 290 0.0075 4.1 49.70 TrapNeemecl Channel Flow, 

BOI.W=O.O~ 0=2.00' 2- 30 'r n= o 030 
15.4 430 Told 

Subcatchment L: runon nor th of borrow area 

East OSDF 
Prepared by GeoSyniec Consultants 

rype / I  24-hr RainlalIJ. 70 
Page 31 

H4arOCAm6 00 %In 000929 0 1906-2001 Applied M~cIoC~mpular  Splems 1/29/2002 

Subcatchment M: runon nonh of borrow area 

Runoff = 3.60cfs@ 12.04 hrs. Volume= 0.212al 

Rumff by SCS TR-20 memod. UH=SCS. Time span- 0.00-24 00 hrs.dt= 0.05 hrs 
Type II 24-nr Rainfall-4.70- 

Area (ac) CN Descriplion 
1000 i 9  

TC Leqlh Slope Velacity Capacity Descriplion 

11.5 170 0.0500 0.2 Sheet Flow, 

0.6 200 0.0045 5.1 352.87 TrapNeemed Channel Flow, 

(min) (feel) (Wh) (rVsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60' 

0oi.W=20.00 D=2.50 Z= 3 0 ' f  n=0.030 
12.1 370 Total 

Subcatchment M: runon nor th  of borrow area 

Hvdroaranh Plol 

East OSDF i>w I \ 3 ~ \  0~ r y w  f/ 24-hr Rainlall4.70- 
Prepared by GeoSynlec Consultants Page 30 
HydmCAD@6 00 r(n Ow929 0 1986-2001 Applied IdicroternpUlar Svnernr 112912002 

Subcatchment LL: runoff area 

Runoil = 6.61 CIS @ 12.25 h a .  Volume= 0.693 af 

R u ~ l f  by SCS TR-20 melhod. UWSCS. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type II 24411 Rainlall=4.70* 

Area (ac) CN Descriplion A # *  1 
7.049 61 4464 - 

TC Length Slope Velocily Capacity Desm'ption 
(min) (feet) (WII) (IUsec) (CIS) 
24.3 300 0.0240 0.2 Sheet Flow. 

Grass: Shcn n= 0.150 P2= 2.60' 
Shallow Concentrated Flow. 1.3 200 0.0240 2.5 
Unpaved Kvr 16.1 Ips 

2.5 900 0.0090 5.9 160.52 TrapNeelRen Channel Flow, 
E!al.W=0.00' 0=3.00 2= 3 0 'r n= 0.0m 

28.1 1.400 Told 

Subcatchment LL. runoff area 

HvdrngnDh Plot 

East OSDF 
Prepared by GeoSyntec Consullanls 
HydroCADmB 00 rm 000929 0 1986-2001 Applied MtcroCOrnpular S p m m s  

Subcatchment MM: runoff area 

Typ.3 I /  24-hr Rainfa//=4. 70" 
Page 32 

1/29/2002 

RomH = 3.30cls @ 12.03 hrs. Volume= 0.192 af 

Rumfl by SCS TR.20 method. UH=SCS. Time Span= 0.00-24 00 hrs. dl- 0 05 h n  
Type II 24-hr Ramlall=4.70- 

Area (ac) CN Descnplion 
1943 61 

Tc Lenglh Slope Velocity Capacity Oescriplion 

6.6 100 0.0700 0.3 Sheet Flow, 

3.3 980 0.OOEU 4.9 200.34 TrapNeelRecl Channel Flow. 

9.9 1.080 Tolal 

(min) (feel) (IUh) (IUsec) (CIS) 

Grass: Shon n= 0.150 p2= 2 60- 

0ol.W-0 DO D=3.00 2s 5 0 a 4.0 'r n=  0 030 

Subcatchment MM: runoff area 
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14~-JioiAO@6 00 .In 000929 0 1986-2001 Applmd Merocompuler Svslsmr 112912002 

Subcatchment 0: runon north of bo r row area 

[49j Hint: TCr2dl may require smaller dt 

Runoff = 6.54 CIS @ 11.91 hrs. Volume= 0.279 al 

Runoff by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-24.00 hn. dt= 0.05 h n  
Type I1 24-hr Rainfa11=4.70' 

Area(ac) CN Descnplion 
1.317 79 

Tc Lenglh Slope Velocily Capacity Descn'plion 

1.3 230 0.0086 2.9 14.28 TrapNeelReR Channel Flow, 
(min) (feel) (WH) (Rlsecl Cckl 

Bot.WsO.00 D=l.OO' Z= 5.0 ' I  n= 0.024 

Subcatchment 0: runon north of borrow area 

Prepared by GeoSyntec Consullanls Page 34 
HWmC409600 sln 000929 0 1986-2001 Appl;ed Micmcompuler S ~ l o m s  1/29/2002 

Subcatchment NN: runoff area 

1491 Hmt: Tc'2dI may require smaller dl 

R m l f  = 3.78cfs @ 11.92 hn. Volume= 0.162 af I 

Runoll by SCS TR-20 melMd. UH=SCS. Time Span= 0.00-24.00 hn. dl= 0.05 hn 
Type I1  24-hr Rainla11=4.70' 

Area (ac) CN Oescriplion - 
1.274 66 Lp 

Tc Lenglh Stope Velacity Capacily Desuiplion 

1.4 600 0.0130 7.1 192.92 TrapNeelRect Channel Flow. 
(min) (reel) (Wh) f l s e c )  (CIS) 

Bol.W=O.W' 0=3.00 Z= 3.0 ,r n= O.OM 

Subcatchment NN: runoff area 

East OSDF 
Prepared by GeoSynlec Consullanls 

Type /I 24-hr Rainfall.4.70' 
Page 36 

HydroCADFD6 W rln 000929 @ 1986.2001 4pplrd4 Mcrocompuler S w s m r  1/29/2002 

Subcatchment 00: runon area to borrow area 

1491 Hint: Tcc2dl may require smaller dl 

Runoff = 1.06cfs @ 11.97 hrs. Volume= 0.051 a1 

Runoff by SCS TR-20 melhod. UHZSCS. Time Span= 0.00-24.00 hrs. dl= 0 05 hrs 
Type I I  24-hr Rainfall=4.70- 

Area (ac) CN Descnplion 
0.399 66 

TC Length Slope Velocity Capaury Decnplion 

5 4  1200.1660 0.4 Sheet Flow. 
(mm) (feel) ( l h )  (Wsec) (CIS) 

Grass: Snon n= 0.150 P2= 2.60' 

Subcatchment 00: runon area to  borrow area 

H v d r m m n h  PI01 



East OSDF Type I/ 24-hr Rarnfa/i=4 70" East OSDF 
PreparDd b y  GeoSynlec Consullanls Page 3I Prepared by GeoSynlec Consullanls Page 38 
~ y d m C A w  6 00 dn 000929 a 1986-2001 Applied M~cro~omp~ler  Syrlsmr I /29/200~ HydroCAOOI 00 dn 000929 B 1936-2001 Applied Microcomputer Syriems 1/29/2002 

Subcatchment  PP: vegetated borrow a r e a  Subcatchment P: runon north of b o r r o w  area 

~ m f l  = 9.16cfsQ 12.30 hn.  Volume= 0.955af Rumn = 25.40 CIS Q 12.75 hn. Volume= 4.631 a1 

Rum11 by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-24.00 hn. dl= 0.05 hn Runoff by SCS TR-20 melMd. UH=SCS. Time Span= 0.00-24.00 hn. dl= 0 05 h n  
Type II 24-hr Rainfall-4.70- 'ype l122~Rai;~lI=4.70~ 

Area (ac) CN Descnpiion Area (ac) CN Descnplion 

4 4 6 4  40.964 64 - 
TC Length Slope Velocity Capadiy Description Tc Length Slope Velocily Capacity Desm'plion 

(min) (feel) (WI) (hlrec) (CIS) p i n )  (feel) (lull) (Wsec) (cfs) 
29.4 300 o.ai50 0 2  Sheet Flow, 6.4 150 0.1660 0.4 Sheel Flow. 

4.3 350 0.0070 1.3 Shallow Concentrated Flow, 34.5 150 0.0025 0 1 Sheet Flow, 
Grass: shon n= 0.150 P2= 2.60- Grass: SMn n= 0.1% P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' Unpaved KF 16.1 fps 

Unpaved Kv= 16.1 Ips 
33.7 650 Tolal 246 1.190 0.0025 0.8 Shallow Concenlrated Flow, 

Subcatchment P: runon north of borrow area 65.5 1.490 Tolal 

Hydrograph Plot 
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Type // 24-hrRarnfa//=4.70" 
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1/29/2002 
Prepared by Geo"yn1ec Consultants 
HWnCADb 6 01? ~ ' n  500929 0 1986-2001 Applied Mcmcornputsr Splsrnr 

Subcatchment 0: runon north of borrow area 

Runoff = 12 29 cfs @ 12 28 hn. Volume= 1.252 al  

Runoll by SCS TR-20 metluld. UH=SCS. Time Span- 0.00-24.00 hn. dt- 0.05 h n  
Type II 24-hr Ramfall=4.70' 

Area (dc) CN Descnptjon 
7.700 72 

Tc Length Slope Velomy Capacity Desm'plion 
(minJ (leet) (hlfl) (Wsec)  (cfs) 
23.6 300 00260 0 2  Sheel Flow, 

Grass. Shon n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 
8 2  1.280 00260 2.6 Shallow Concentrated Flow, 

3i.a 1.580 TOM 

Subcatchment Q: runon north of borrow area 

Hydrograph PI01 

..,-. 
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Subcatchment PP: vegetated borrow a r e a  

Hydrograph Plot 
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1/29/2002 

Ea51 OSDF 
Prepared by GeoSynlec Consulrants 
HydmClO@6 00 rln 000929 0 1906.2001 4pplmd Macrocornpulor Svrlemr 

Subcatchmen1 R runon north of b o r r o w  a r e a  

Runoff = 5.83 cfs Q 12 15 hn. Volume; 0.460 a1 

Runolf by SCS TR-20 melhod. UH=SCS. Ttme Span= 0 00-24.00 hn. dt= 0 05 h n  
Type I1 24-hr Rainfa11=4.70' 

Area (ac) CN Descnplion 
2612 74 

Tc Lenglh Slope Velocny Capavly Descriplion 

19.8 '300 00400 0.3 Sheel Flow. 
(rnin) (feet) 111111) Ihlsec) (CIS) 

Grass: Shod n= 0.150 P2s 2.60- 
1.8 350 00400 3 2 Shallow Concentrated Flow. 

Unpaved Kv= 16.1 Ips 
21.6 650 Tolal 

000271 



East OSDF 
Prepared by GeoSyntec Consultants 
~ d r o C A 0 Q 6  00 sln 000929 0 1986-2001 Applied Mmecornpulor Sptorns 

Type // 24-hr Rain/a//=4.70 
Page 4 I 

1/29/2002 

Subcatchment S: r u n o n  north of borrow area 

Runoff = 0.89cfs @ 12.22 hrs. Volume- 0.082 a1 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.00-24.00 hrs. at= 0.05 hrs 
/ rype I 1  24.h1 Rainfall-4.70' 

Area (ac) CN Desuiption 
0.402 78 

TC Length Slope Velocily Capacity Desaiplion 
(min) (feet) (fUtI) (Wsec) (cfs) 
27.8 280 0.0150 0.2 Sheet Flow, 

B 
Grass: Shon n= 0.150 P2= 2.60- 

~ a t . w = o o O  0.3.00' z= 3.0.r n=o.o~o 
0.1 30 0.0100 6.3 169.20 TrapNeemect Channel Flow. 

27.9 310 Total 

Subcatchment S: runon north of borrow area 

Hydragraph Plot 

Type / I  24-hr Rain/aN=4.70" 
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1/29/2002 
Prepared by GeoSynlec Consullants 
PySnCIDi9 6 O_O rln 000929 0 1986-2001 Applmd P.I~cmcornpulat ?+terns 

Subcatchment U: runon east  of OSDF 

Rwwfl = 6.57cfs@ 12.28 hn. Volume. 0.674 a l  

Runoff by SCS TR.20 meinad. UH=SCS. Time Span= 0.00-24 00 nrs. dl- 0.05 hrs 
Type I I  24.hrRainfali=4.70' 

TC Lenglh Slope Velocity Capauty Oescripiton 
Win) fleet) ( W h )  (Wsec) (cfs) 
30.2 300 0.0140 0 2  Sheet Flow, 

Grass:Shon n = O . l M  P2-2.60' 

Unpaved Kw- 16 1 Ips 
2.1 240 0.0140 1.9 Shallow Concentrated Flow. 

32.3 YO Tom 

Subcatchment U: runon east  of OSDF 

E a s t  OSDF 
Prepared by GeoSyntec Consultants 
HdroCAOQ6 00 skOoO929 @ 1986.2001 Applmd Mncmcornpuiar Synsrns 

Page 42 
1/29/2002 

Subcatchment T: direct r u n o n  t o  pond 

I491 Hinv Tcc2dI may require smaller 01 

Runolf = 3.08 cfs @ 11 90 hrs. Volume= 0 155 a i  

Runolf by SCS TR-20 method. UH=SCS. Time Span-. 0.00-24.00 hn. at- 0.05 h n  
Type I1 24-hrRainla11=4.70' 

Area (ac) CN DesCripliOn - A f ,  A 
0.416 98 c+ 0 0  4 

TC Length Slow Vekxiiy Capacity Description 

1 .o Direct Entry. 
(min) (feel1 (fUlt) (fusec) (CIS) 

Subcatchment  T: direct r u n o n  t o  pond 
Hvdrotrnoh Plol 

East OSDF 
Prepared by GeoSynlec Consultants 

Tym N 24-hrRainfa//=4 70" 
Page 44 

1/29/2002 HydmCADm 6 00 rln 000929 0 1986-2001 APpliod Mscmcornputar Svnarns 

Subcatchment  V: direct runon to pond 

1491 Hid: Tcc2dt may require smaller dl 

Runon = 2.03cfs @ lt.90 hrs. Volume= 0.102 a1 

Rum11 by SCS TR-20 method. UH4C.S. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type 11 244r Rainfall=4.70- 

Area (ac) CN Descnption 
0.274 98 

TC Length Slope Velocity Capauty Desaiplion 

1 .o Direct Entry. 
(min) (feet) (full) (fusec) (cfs) 

Subcatchment  V: direct runon t o  pond 

000272 



East OSDF 
Prepared by Geosynlec Consullanls 
HldrnCADED6 W S A  000929 0 1986.2001 Applioc! MICIOCO~IPUI~I Sbslsms 

Type I/ 24-hr Rainfa/l=4.7o' 
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1/29/2002 

Subcatchment  W r u n o n  east  of OSDF 

Rumif = 28.88 cfs @ 12.05 hrs. Volume= 1.733 af 

Runoff by SCS TR-20 melhad. UHsSCS. l ime Span= 0.00-24.00 hrs. dls 0 05 hm 
rype II 24.hr Rainfa11=4.70' 

Area (ac) CN Description 
10.593 72 

Tc Length Slope Velocity Capaciry Desuiplion 

10.9 240 0.1780 0.5 Sheel Flow. 

D 
(min) (feet) (IUII) (fusec) (cfs) 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

Bol.W=O 0 0  D=3 0 0  Z= 3 0 h 30.0 7 n= 0 OM 

1.0 400 0.1780 6 8  Shallow Concentrated Flow, 

0.7 270 0.01 14 6 9 1.025.43 TrapNeeiRecl Channel Flow. 

12.6 970 TOW 

Subcatchment  W: runon east of OSDF 
Hydrograph Plol 

... - - - - . . . . . . .  . . . . . . . . . . . . .  . .  ....... .:. . .  : . . . . .  

E a s t O S D F  
Prepared by GeoSynlec Consultants 

Type /I 24-hr Rainfaf/=i Io' 
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Subcatchment Y: r u n o n  area east  of OSDF 

Rumfl = 9 8 4 c f s a  1234 hn. Volume' I101 a1 

Rumff by SCS TR-20 rnelMd. UHsSCS. lme Span= 0 00.24 00 hrs. dl:: 0 05 hrs 
Type II 24-hr Rainfall=4 70' 

Area (ac) CN Descnplion 
6.522 73 

TC Lenglh Slope Velouly Capaclry Descnpilon 
(minl (feel) (hllt) (fusec) ( c h i  
31.1 300 OOlM 0 2  Sheet Flow ~~~ ~ 

Grass. shon n= o 150 ~ 2 =  2.60' 

unpaved Kr- 16.1 Ips 

Boi.w=0.00 D.2.00 Z= 5.0 h 4.0'r n= o 030 

4.6 510 0.0130 1.8 Shallow Concentrated Flow. 

1.1 240 0.01 IO 5 I 92 00 TrapNeemect Channel Flow, 

3b.B 1.150 Tolal 

Type /I 2 4 h r  Rainfall.4.70' 
Page 46 

E a s t  OSDF .~a,q qsjc'- 
Prepared by GeoSynlec Consultants 

1/29/2002 HydroCAm 6 00 %In 000929 0 1986-2001 A p p l m  Micmcompumr S e t e m s  

Subcatchment  X: runon east  of OSDF 

Rumf l  = 17.5Ocfs @ 12.30hrs. Volume= 1.851 a l  

RuMflby SCS TR-20 method. UH=SCS. Time Span= 0 00-24.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainfalls4.70' 

Area (ac) CN Descriplion A r -  1 
11.853 71 4 B A 4  - -  - 

TC Lenglh Slope Velocily Capaury Desuiplion 

26.7 Y)O 0.0190 0.2 Sheet Flow, 
(min) (feel) (hlfl) (hlsec) (ch) 

Grass: Shoo n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BoI.W=O.OO Ds2.00 Z= 3.0 'I  n= 0.024 

5.5 730 0.0190 2.2 Shallow Concenrraled Flow, 

1.2 330 0.0100 4.8 57.39 TrapNeelRect Channel Flow. 

33.4 1.360 Tolal 

Subcatchment  X: runon east  of OSDF 

East OSDF 
Prepared by GeoSynlec Consultants 

Type / I  24-hr Rainfa//*. 70' 
Page 4.8 

1/29/2002 HydroCAD@6,00 rln OOW29 @ 19B6-2WI AppPed Microcornpuler Spmrns 

Subcatchment  Z: runon area east  of OSDF 

Rwlofl = 3.11 cis @ 12.18 hn. Volume= 0.262 al 

Runoff by SCS TR-20 melhod. UH=SCS. Time Span. 0.00-24.00 hrs. 01- 0.05 hn 
Type II 24-hr Rainfall-4.70' 

Area (ac) CN Description 
1.606 72 

TC Lemlh Sloce Vebcilv Camcilv Descnnlion 

Grass: SMn n= 0.150 P2= 2.60' 
Shallow Concentrated Flow, 1.5 250 0.0310 2.8 
Unpaved Kr- 16.1 Ips 

0.2 50 0.0070 4.1 73.39 TrapNeelReR Channel Flow. 
BOI.W=O.OO Dz2.00 2s 5 0 h 4.0 T n= 0,030 

23.7 600 Total 

Subcatchment  Z: runon area east  of OSDF 
Hvdrosrmh Plol 

000273 



East OSDF 
Prepared b y  GeOSynleC Consullanls 
HdrnCAOtD6.00 Sln 000929 0 1986.2001 Applmd M l i r O C O r n p Y I O ~  S)%Iernr 

Type I /  24-hr Rainlall.4.7Cr 
Page 49 

112912OOZ 

Reach 1: east dra inage c h a n n e l  

(651 Wam'ng: Inlet elevauon r o t  specified 

Innow = 10.81 CIS @ 12.01 hrS. Volume= 0.758 af 
7udlow = 10.06 CIS @I 12. I 1  hrs. Volume= 0.756 af. Anen= 7%. Lag= 6.2 min 

.outing by Stor.lnd*Trans method. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velocily. 2.1 fps. Mi. Travel Time= 3.4 min 
~ v g .  Velocity E 0.8 fps. A q .  Travel Time= 8.5 mln 

D' 
Peak Oeplh= 0.99' 
Capacily at bank full= 754.76 CIS 
0.00' I 5.00' deep channel. n= 0.030 Length; 420.0 Slopen 0.0045 'I 
Side Slope Z-value. 6.0 4.0 T 

2L-p Si' .J& C ' L  / 59 /'2 g . 2  
East OSOF i l 3 j e 7 A  T p ?  I /  24-hr Rain/aN=4.7(1' Page 50 
Prepared by GeoSynlec Consultants 
H@roCI\OB6 00 *In 000929 0 1996.2001 Applied Mic~ocornpuler Sy-smnr 1/29/200Z 

Reach 1R: (new n o d e )  

IS21 Hml Inlet mnalt#ons ~1 evaluated 
I651 wamng Inlet elevalinn no1 speclied 

innow = 6.61 cls @ 12.25 hrs. Volume= 0.693 a1 
Ouulow = 6.59 cfs @ 12.26 hn. Volumes 0.693 al. Anen= 0%. Lag= 0.5 min 

Routing by Smr-lnd+Trans method. Tune Span= 0.00-24.00 hrs. dt= 0 05 hrs 
Max. Velocity= 5.4 Ips. Min. Travel Time; 0 3 min 
Avg. Velouty = 2.5 Ips. Avg. Travel Time= 0.7 min 

Peak Oepth= 0.33 
Capadtyal bank full= 1.101.12cls 
A laclor of 2 00 has been applied 10 the suppried storage and discharge data 
72.0- Diameter Pipe n= 0.010 Length; 100.0 Slope= 0.0100 7 

Reach 1: east dra inage channel  

Hydrograph Plat 

- . .  - . . . . . . . . .  

~ . . . . . . . . . . . .  

h. (no"") 

Type /I 24-hrRamla//=4.70" 
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w ' b - A O " 6  00 Lln 000929 0 1996-2001 Applied Mmocompuler Syrlerns 1/29/2002 

R e a c h  2: east  dra inage channel  

1651 Warning: Inlet elevation M I  speulied 

1n11ow = 26.37 CIS @ 12.12 hrs. Volume= 2 010 a1 
Oudlow = 25.59 cfs @I 12 20 hrs. volume; 2.005 af. Atten= 3%. Lag= 4.8 min 

Rouling by Stor-lnd+Trans method. Time Span= 0.00-24.00 hn. dt= 0.05 h n  
Max. Velocily. 2.I  Ips. Min. Travel Time' 2.6 min 
Avg. Veloclty = 1. I Ips. A q  Travel Time= 6.3 min 

PeakDeplh= 1.54' 
Capacity ai bank IUII= 1.205 98 CIS 
0.OW I 6 50 deep channel. n= 0,030 Length; 420.0 Slope; 0.0045 7 
Side Slope 2-values 3.0 5.0 ,r 

Reach 2: east  dra inage c h a n n e l  

Hydrograph Plol 

Reach IR:  (new n o d e )  

Hydrocxacsh Plol 

. . . . . . .  _I.. . . . . . . . . .  'L-rl S l S &  ~ -:-:- - ...... - - .. - .. ,I 
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Reach 2R: (new node)  

(521 Hinl: Inlet mndiOons not evalualed 
(651 Warning: Inlet elewalnn MI specified 

innow = 
Ournow = 

3.30 cfs @ 12.03 hs. Volume= 
3.25 cfs @ 12.04 hrS. Volume= 

0.192 ar 
0.192 af. Anen= 1%. ~ a g =  0.7 min 

Rouling by Stor-lnd+Trans method. Time Span= 0.00-24.00 h s ,  dl= 0.05 hrs 
Mar. Velocily. 4.3 Ips. Min. Travel Time; 0.4 min 
Avg. Velocity = 1.9 Ips. Avg. Travel Time'O.9 min 

Peak Depth= 0 24' 
Capacityalbank lull= 1.101.12Clr 
A factor of 2.00 has been appriea IO the supplied storage and discharge data 
72,o'oiameterPipe n= 0.010 Lengm= 100 0 Slope= 0 01007 

Reach 2R: (new node) 

000274 



East OSDF 
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Type /I 24-hr Rabifal1=4.70- 
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R e a c h  3: east dra inage channel 

[65] Warning: Inlet elevalmn MI specified 

lnllow = 40.77 CIS@ 12.17 hn.  Volume= 3.241 a1 
Ournow = 39.76~1~ @ 12.24 hrs. Volume= 3.234 al. Anen= 2%. Lag= 4.0 min 

Routing by Smr.lndtTrans melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velocip 3.3 ips. Mm. Travel Time= 2.1 min 
Avg. Velocity = 1.3 Ips. A q .  Travel Time= 5.3 min 

Peak Depth= 1.87' 
Capddty at bmk lull- 1.563.67 CIS 
0.00 I 7.40 deep channel. n= 0.030 Length= 420.0 Slope= 0 0050 7 
Side Slope Z-value' 3.0 4.0 7 

Reach 3: east dra inage c h a n n e l  

Hydrograph Plol 

& J<{ .rhd 02 I 55/z g L 
€as1 OSDF '2Ew \ \ 5 2 \ C L  Type I1 24-01 Rainfa//=4.70" 
Prepared by GeoSyntec Consultants Page 54 
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Reach 3R: ( n e w  node)  

1521 Hinv Inlet cnndilions mt evalualed 
(651 Warning: Inlet elevation MI Specified 

lnnow = 3.78 CIS Q 11.92 hrs. Volume= 0.162 a1 
o u m w  = 3.72 cfs Q 11.93 hn. Volume= 0.162 af. Anen= 2%. Lag= 0.8 min 

Routing by Stor-lnd+Trans melMd. Time Span= 0.00-24.00 hn.  dl= 0.05 h n  
Mar. Velocity= 4.5 Ips. Mm. Travel Time= 0 4 min 
Avg. Velocity = 1.8 Ips. Avg. Travel Time= 0 9 min 

Peak Depth- 0.25' 
Capadlyat bank full= 1.101.12cIs 
A lactor 01 2.00 has been applied lo the supplied sloiage and discharge data 
72.0' Diameter Pipe n= 0.010 Lenglh= IW 0 Slope= 0.0100 'r 

- 4 6 6 4  

Reach 3R: ( n e w  node)  

Hydrograph Plot 

I .  
. .  . . . . . . . . . . .  
! -I - ; -; - : - .. - - --!-I . .  
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East OSDF 
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c 

Reach 4: east dra inage channel 

[SSl Warning: Inlet elevation WI specified 

Inflow = 53.10cls @ 12.21 his. Volume= 4.461 af 
Outnow = 52.07 cfs @ I2 27 hrs. volume= 4.451 al. Anen= 2%. Lag= 3.6min 

Routing by Slor-lnd*Trans melhad. Tme Span= 0.00-24.00 hrs. dl- 0.05 hrs 
Mar. V e l o d p  3.5 Ips. Min. Travel Time= 2.0 min 
Avg. Velocity = 1.4 Ips. Avg. Travel Tme= 4.9 mi" 

Peak Dep(h= 2.07' 
Capautyat bank lull= 1.106.53~1s 
0.00 I 6.50 deep channel. n= 0 030 Lengin= 420.0 slope= 0.0050 'r 
Side Slope 2-value; 3.0 4.0 7 

R e a c h  4 east dra inage c h a n n e l  

Hydrograph PIoI 

1"". tho",,) 

East OSDF 
Prepared b y  GeoSynlec Consullants 
H@roCADO6.00 sin 000929 I3 1986.2001 Appl$ttd MuOcompuIer Systems 

Type I1 24-hr Rain/al/=4.70" 
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1/29/2002 

Reach 5: east drainage channel  

(651 Wam'ng: Inlet elevauon mI speofiea 

Inflow .= 63.69 cfs @ 12.24 hn. Volume= 5.669 af 
OumOw = 62.69 CIS @ 12.30 hn. Volume= 5 656 af. Auen- 2%. Lag= 3.8 min 

Routing by Stor-lnd+Trans method. Time Span= 0.00-24.00 hrs. dl= 0 05 hrs 
Max. Velocity= 3.5 ips. Min. Travel Time= 2.1 min 
A q .  Velocity = 1.4 Ips. A q .  Travel Time' 5.1 nlin 

Peak DepvI= 2.01' 
Capacity at bank lull; 182.58 CIS 
0.W x 3.00 deep channel, n= 0.030 Length= 440.0 Slope= 0.0050 7 
Side Slope Z-value- 3.0 6.0 T 

Reach 5: east drainage c h a n n e l  

H y d r q r a p h  Plol 

Tim. (b""l 
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Reach 6: east  drainage c h a n n e l  Reach 7: r u n o f f  d ivers ion channel  

1651 warning: Inlet elevation noi speafied 1651 Warning: Inlet elevalion no1 specified 

innow = 66.14 cfs @ 12.30 hn. Volume= 7.197af 
7ulow = 65.27CfS @ 12.35 h n .  Volume= 7.185af. Anen= 1%. Lag= 3.2 min 

Aouling by Slor-IndiTranS melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 hn 
Mar. Velociv- 4.5 Ips. Min. Travel Time= 1.E min 
Avg. Velocity = 1.9 fps. Avg. Travel Time= 4.3 min 

Peak Depth= 1-80' 
Capacily al bank full= 258.21 cfs 
0.00 i 3.00 deep channel. n= 0.030 Length= 480.0 Slope= 0.0100 'r 
Side Slope Z-value; 3 0 6 0 T 

0 Inflow = 67 32 cfs @ 12.35 hrs. Volume= 8. I97 af 
OuIflow = 67.02 cfs @ 12.36 hrs. Volume- 8.193 af. Anen= 0%. Lag= 0.9 min 

Routing by Stor-lnd+Trans melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Vebciry. 4.6 Ips. Min. Travel Time= 0.5 min 
Avg. Velocity = 1.9 Ips. Avg. Travel Time. 1.2 min 

Peak Depth= 1.81' 
Capacily at bank full= 556.08 cfs 
0.00 I 4.00 deep channel, n= 0.030 Lerglh= 1400 SlOpe=O.OlOO'r 
Side Slope 2-value= 3.0 6.0 T 

Reach 7: runoff d ivers ion c h a n n e l  Reach 6: east  drainage c h a n n e l  

Hydrograph Plol 

,o . . . . . . . . . . . . . . . . . . . .  
a ) . - :  - -  
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Reach 8: r u n o f f  d ivers ion channel  

(651 Warning: lnlel elevalion not specified 
[851 Warning: Oscillations may require Finer Routing, 1 

Inflow = 65.98 cfs @ 12 43 hrs. Volume= 9.092 af 
Oufflow = 65.95Cfs @ 12.43 hrs. Volume= 9.067 af. Aften= OX. Lag= 0.2 min 

Rouling by Slor-IndtTrans melhod. Tme Span= 0.00-24 00 hrs. db 0 05 hrs 
Max. Velocity= 2.7 Ips. Mm. Travel Time=O 1 min 
Avg. VeWlty = 0 8 Ips. Avg. Travel Time= 0.4 min 

P e a  Oeplh= 0 9 4  
Caoacilv ai bank full= 1.379.30 cfs 
A &UOf~of 2 00 has bem applied lo lhe supplied Slorage and discharge dala 
IO 00' I 4.50 deep channel, n= 0.03 Lenglh= 20.0 Slope= 0.0045 'I 
Side Siope Z-vahe= 3.0 'r 

Reach 8: runoff diversion channel 

- 4 6 6 4  

East OSDF 
Prepared by GeoSynlec Consullanls 
HHroCAOQ6.00 rln 000929 GI 1936-2001 Applied Microcornpuler Sentarns 

Type / I  24-hr Rarnfall-l.70 
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Reach 9: runoff d ivers ion channel  

1651 Warning: Inlet elevalion no1 Specified 

Inflow = 65.95 cfs Q 12 43 he.  Volume= 9 067 af 
Outflow = 65.46 cfs @ 12.47 hn. Volume= 9.051 af. Anew 1%. Lag= 2.4 rnin 

Rouling by Slor-lnd+Trans mellmd. Time Span= 0.00-24 00 hrs. dl- 0.05 h s  
Max. Velociry. 3.4 Ips. Min. Travel Time; 1.4 rnin 
Avg. Velocity = 1 0 Ips. Avg. Travel Time- 4.7 nlin 

Peak Depth= 1.37' 
Capacilyat bank lull= 407.65 cfs 
10.00 x 3.50 deep channel. n= 0.030 Lenglh= 295 0 Slope= 0 0045 'r 
Side Slope .?-value= 3.0 'r 

Reach 9: runoff d ivers ion channel  

Hydrograph Plol 

000276 
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Reach 10: r u n o f f  d ivers ion channel  

(651 Warning- Inlei elevalon MI specified 

innow = 70.70 cis @ 12.46 hm. Volume= 10.542 a i  
bmow = 70.22 CIS @ 12.54 hrs. Volume; 10.507 al. Anen= 1%. Lag= 4.9 min 

(Is. 

00, 

to 
6s 

M) 

( 5  

- y )  

2 ,I 
g r o  

:outing by Slor-IndtTrans melMd. Time Span= 0.00-24.00 hm. dl= 0.05 h n  
' Max. VeloCtlr 3.5 Ips. Min. Travel Time= 2.9 min 

A?. Velociry = 1.1 Ips. Am. Travel Time= 9.4 mm 
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Peak Depth= 1.42' 
Capaoly a1 bank 1u11= 134.00 Cis 
10.00 II 2.00 deep channel. n= 0.020 Lenglhi 610.0' Slope- 0.0045'f 
Side Slope Z-value; 3.0 'r 

Reach 1 0  r u n o f f  d ivers ion channel  

Hvdroonnh Plot 
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Reach 11: n e w  CMP arch 

[52] Hint Inlet condilions mi evalualed 
[65] Warning: Inlei elevation MI specified 

innow = 76.92 ds @ 12 51 hn. Volume= i 1.7% a1 
Oumow = 76.87 CIS @ 12.51 he.  Volume= 11.747 ai. Anen= 0%. Lag= 0.3 min 

Rouling by Slor-IndtTranS method. Time Span= 0.00-24.00 hm. dl= 0.05 hrs 
Mar. Velociry; 5.5 ips. Mm. Travel Time= 0.2 min 
Avg. Velacily 2.0 Ips. Avg. Travel Time= 0.6 min 

Peak Deplh= 1.76' 
Capaoiy ai bank full= 408 61 CIS 
A laclor of 2 00 has been app(ied 10 the suppl8ed slorage and discharge dala 
72.0' Diameler Pipe n=  0.018 Lenglh-65.0' Slope= 0.00455 

- 4 6 6 4  

Reach 11: n e w  CMP a r c h  

East OSDF 
Prepared by GeoSynlec Consultants 

Type N 24-hr Rainfa//=4.70 
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R e a c h  13: runoff d ivers ion channel  

(651 Wanting: lnlel elevation MI specified 

innow = 142.35cis @ 12.51 hrs. Volume= 21.698al 
Oumow = 142.00~1s 0 12.56 hrs. Volume= 21.641 ai. Anen= 0%. Lag= 2.8 min 

Routing by Slor-lnd*Trans melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 his 
Mar. Velocirp 3.9 Ips. Min. Travel Time= 1.9 mln 
Avg. Velocty = 1.1 Ips. Avg Travel Times 6.8 min 

Peak Deplh= 1.50 
Capacily ai bank lull= 235.94 CIS 
20.00 x 2 00' deep channel, n= 0.030 Lengln= 450.0 Slope= 0.0045 'I 
Side Slope 2-value; 3.0 'r 

R e a c h  1 3  r u n o f f  d ivers ion channel  

HvdrovaDh Plot 



East OSDF 
Prepared b y  GeoSynlec Consullanls 
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Reach 14: east runon channel  

Type / I  24-hr Rainlalld. 70' 
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1/29/2002 

1651 Warmng: Inlet elevation no1 specified 

inflow = 0.52 cis @ 11.98 hrs. Volume= 0.026 a i  b' Cludlow = 0.38 cis @ 12.17 hrs. Volume= 0.025 al. Allen= 27%. Lag- 11.3 min 

wling by Stor.lnd*Trans melhod. Time Span= 0.00-24.00 hrs. dl- 0.05 nrs 
&lax. velocity- 0.9 Ips. Min. Travd Time= 7.6 min 
Avg. Velocily = 0.4 Ips. A q .  Travel Time= 19.1 min 

Peak Deplh= 0 33' 
Capacity a1 bank lull= 22.78 CIS 
0.00 I 1.50 deep channel. n= 0.030 Lenglh= 420.0 Slope= 0.0040 'r 
Side Slope 2-value- 3.0 5.0.f 

Reach 14: east r u n o n  channel 
Hvdroorarrh Plol 

rwe I /  24-hr Rain/a//;4.70" c a s t  OSDF 
Prepared by GeoSynlec Consulrants 
HydroC4OB 6.00 .In 000929 0 1981-2001 Applied U~ctocOmpuIaf Srotsrnr 
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D 
Reach 16: east runon c h a n n e l  

I651 Warning: Inlet elevailon mi speofied 

Inflow = 9.76 CIS @ 12.10 hrs. Volume= 0.664 a i  
OuUlow = 9.33cfs@ 12.19 hrs. volume= 0.661 ai. Anen= 4%. Lag=4.9 mm 

Rouling by Slor-lnd+Trans method. Time Span= 0.00-24.00 hrs. dl= 0.05 h n  
htax. Velociy- 2.6 fps. Min. Travel Time- 2.7 rnin 
Avg. Velocity. 1.0 Ips. ~ v g .  Travel Time= 6 7 min 

Peak Depth= 0.98' 
Capacity at bank lull- 256.58 CIS 
0.00 x 3.40 deep channel. n= 0.030 Lenglh= 420.0 Slope= 0.0074 'I 
Side Slope ,?.value= 2.5 5.0 7 

R e a c h  16: east  runon channel 

Type /I 24-hr Rainla//< 70' 
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DBM I 132 jc-L East OSDF 
Prepared by GeoSyniec Consulranrs 
+idr.GAW 6 00 d n  OOOP29 B 1988-2001 Appllsd Mirtocompvlor Syxlsmr 

R e a c h  15  east runon channel 

165) warning: Inlet elevaiion not specified 

Inflow = 3.20 CIS @ 12.01 hrs. Volume= 0.186 a i  
Oudlow = 2.82 cfs @ 12.12 hn.  Volume= 0.186 al. Anen= 12%. Lag= 6.6 min 

Routing by Smr-lnd*Trans method. rime Span= 0.00-24.00 hrs. dt= 0.0s hrs 
Max. VebciIy= 1.8 Ips. Min. Travel Time= 3.9 min 
Avg. Veloclly = 0.7 Ips. A q .  Travel Time= 9.9 min 

'- 4.66 4 Peak Deprn= 0 64' 
Capaclly ai bank lull= 61.62 cis 
0.00 I 2.00 deep charnel. n= 0.030 Leogcn= 420.0 Slope= 0.0063 'f 
Sae slope .?-value= 3.0 5.0 T 

East OSDF 
Prepared by GeoSynlec Consullanls 
HydroCAD(S6.00 nln 000929 Q 1986-2001 Applied Microcompulor $*terns 

Reach 17: east runon channel  

Typ3 ( I  24.hr Rainfall.4.70' 
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1/23/2002 

1651 Warning: Inlet elevalion MI specified 

Inflow = 12.43 CIS @ 12.18 hrs. Volume= 0 923 a i  
Oudlow = 12.07 cls @ 12.25 hrs. Volume= 0.921 al. Anen= 3%. Lag= 4.0 mi" 

Rouling by Slor-lnd+Trans melhod. Time Span= 0 00.24.00 hrs. dl= 0.05 hrs 
Mar. Velocity. 3.2 Ips. Min. Travel Time= 2.2 min 
Avg. Velocity = 1.3 Ips. Avg. Travel Time= 5 3 rnin 

Peak Deplh= 0.92' 
Capacily ai bank lull= 436.18 cis 
0.00 I 3.50 deep channel. n: 0 030 Lenglhr 420.0 Slope- 0.0125 7 
Side Slope 2-value= 4.0 5 . 0 T  

Reach 17: east runon channel  

Hydrograph Plol 

b 
O O Q 2 7 8  
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Reach 18: east r u n o n  channel  

1651 Warning: lnlel elewason MI speufied 

inflow = 21.43 CIS @ 12.27 hn.  Volume= 2.022 a1 
%mow = 20.99 CIS @ 12.33 hn. Volume= 2.017 al. Anen= 2%. Lag= 3.7 min 

riolning by Stor-lnd+Tranr method. Time Span= 0.00-24.00 hrr. dl= 0.05 h n  
Max, Velociip 3.7 Ips. Min. TraveI Time= 2 0 min 
~ v g .  Velm'ty = 1.6 Ips. A?. Travel Time= 4 5 min 

Peak Depth= 1.38' 
Capacity ai bank lull= 169.20 CIS 
0.00 I 3 00 deep cnannel. n= 0.030 Length= 440 0' Slope= 0.0100 7 
sae slope Z-value= 3.0 7 

B 

Reach 18: east runon channel  

Hvdmotmh Plot 

Type / I  24-hr Rainlalk4.7V East OSDF 
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HvdroCAD@6 W s h  000929 0 1986.2001 Ippllad M I C ~ O C O ~ P Y ~ O ~  Systems 112912002 

B 
Reach 20: east runon channel  

(651 Warning: Inlet elevalion MI Speul#ed 

lnllow = 4 1 . 3 5 ~ 1 ~  @ 12.39 hn. Volume= 5.587 a1 
Outrbw = 43.26 CIS @ 12.40 hn. volume: 5 586 al. Anen= 0%. ~ a g =  0.5 mm 

Routing by Slor-lnd+Trans method. Time Span= 0.00-24.00 hn.  dl= 0.05 hn 
Max. Velociry. 4.2 Ips. Mm. Travel Time- 0 3 mm 
Avg. Velocity = 2.0 Ips. A?. Travel rims= 0.6 min 

Peak Depth= I 87' 
Capacity at bank lull= 153 84 CIS 
0.00 x 3.00 deep channel. n= 0.030 Lenglh= 75.0' slope= 0.0083 'r 
Side Slope 2-value; 3.07 

'Reach 20: east runon channel  

Hydrograph PI01 

East OSDF ?f% i 1 sz]o':L Type 11 24-hrRain/a//d.70 
Prepared by GeoSynlec Consultants Page 70 
H@roCAD@6.00 sln 000929 0 1986-2001 Applied Microcornouts, Sysiama 1/29/2002 

R e a c h  19: east  runon c h a n n e l  

-- 4 6 6  4, (65) Warning: Inlet elevalion MI specified 

innow = 33.43 CIS @ 12.32 hrs. Volume- 3 868 a1 
Oudlow = 37.75 CIS @ 12.4 1 hrr. Volume= 3.855 ai. Anen= 2%. Lag= 5.2 min 

Routing by Slor-lnd+TranS melhod. Time Span- 0.00-24.00 hn.  dI= 0.05 h n  
Max. Veloclry. 2.8 Ips. Min. Travel Time= 2.8 min 
Avg. Velocity = 1.2 Ips. Avg. Travel Times 6.4 min 

Peak Depth= 0.91' 
Capacilyatbanklull=911.12cls 
0.00' x 3.00' deep channel. n= 0.030 Length= 47q 0 Slope; 0 0090 ' I  
Side Slope ,?-value= 3.0 30.0 7 

R e a c h  

Hydl 
.). _.. - .. .. - . . . . . . - . 

East  OSDF 
Prepared by GeoSyntec Consullants 

r y p  N 24-nr Rainfa//+. 70" 
Page 72 

1 /29/2002 YroCAO@6 00 .In 000929'0 1986.2001 Appllad M~CrOCOrnPuI.w Syslemr 

Reach 21: east r u n o n  c h a n n e l  

(65) Warning: Inlei elevalion M I  specified 

InllOw = 45.89 CIS @ 12 48 hrs. Volume= 6 151 a1 
Oumow = 45.84 CIS @ 12.49 hn. volume= 6.149 a t  Anen= 0%. iq= 0.5 rnln 

Rouling by Stnr-lnd+Trans melhod. r m e  Span= 0.00-24.00 hn. dl= 0.05 h n  
Max. Velocity. 4.5 Ips. Min. Travel Time= 0.2 min 
Avg Velocily = 1.5 Ips. A q .  Travel Time= 0.7 min 

Peak Depth= 1.84' 
Capacity ai bank lull= 169 20 CIS 
0.00' x 3.00 deep channel. n= 0.030 Length= 65.0 Slope= 0.0 100 'r 
Side Slope 2-value- 3.0 ' I  

Reach 21: east runon c h a n n e l  

Hydrograph Plot 

000279 



Easl OSDF 
Prepared by GeoSyntec COnSullanlS 
~+roCaO@ 6 00 %In 000929 0 1986-2001 Appllod Microcornpulsr Splsrns 

Reach 2 2  east r u n o n  channel  

Type I/ 24-hr Rainla//=f. 70- 
Page 71 

1129R002 

(69 warning: Inlet elevalion MI specified 

Inflow = 46.33 cls @ 12.49 hn. Volume= 6.231 a1 
Oudlow = 46.18CfS 12 51 hn. Volume= 6.226 af. Anen= 0%. Lag= 1.2 min 

~outlng by Sior-lnd*Trans m e l w .  Time Span= 0.00-24.00 hn. dl= 0.05 h n  
Mar. Velocity= 4.5 IPS. Min. Travel Time; 0.7 min 
A V ~ .  Velocity = 1.6 fps. Avg. Travel Time- 2.0 min 

Peak Oepm= 1.85' 
Capacity ai bank lull= 364 40 cls 
0.00 x 4 0 0  deep channel. n= 0.030 Lenglh= 190.0  Slope- 0.0100 7 
Side Slope .?-value= 1.0 'r 

D 

Reach 22: east runon channel  

Hvdrmmnh Plol 
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Prepared by GeoSynlec ConSulla~tS Page 74 
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R e a c h  23: n e w  C M P  culverts 

- 4 6 6 4  (521 Hint lnlel mndilions mal evalualed 
(651 Warning: Inlei elevaion MI speafied 

Inflow = 4 8 . 7 6 ~ 1 ~  Q 12.51 hn. Volume= 6.862 a1 
Oudlow = 48.69 CIS 8 12.52 hn. Volume= 6.859 al. Anen= OX. Lag= 0.5 min 

Routing by Slor.lnd*Trans melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
M a .  Velocity= 5.4 lps. Min. Travel Time= 0.3 man 
A q .  Velocity = 1 8 lps. A q .  Travel Time= 0.9 min 

Peak oepm= 1.30' 
Capacily at bank lull= 471.85 CIS 
A faclor 01 2.00 has been applied lo Ihe supplied slorage and discharge dala 
72.0" Oiameler Pipe n= 0,018 L e q W  95.0  Slope= 0.00607 

Reach 23: n e w  C M P  culverts 

Hydrograph Plol 
. I  
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Easl OSDF 
Prepared by GeoSyntec Consultanls 
H i w > P 6  00 rln 000929 0 1986-2001 Appltd Mrrocompular Syrlarnr 

Type /I 24-hr Rainla//*. 70' 
Page 75 

112912002 

Reach 24: runon channel  

(651 Warning: lnlel elevallon no1 specified 

Inflow = 57.16 CIS Q 12.48 hn. Volume= 8. I I I a1 
Ournow = 56.98 CIS Q 12.49 hn. Volume= 8.104 af. Anen- OX. Lag= 1.0 min 

Rouling by Sur-lnd+Trans method. Time Span= 0.00-24.00 hn. dl= 0.05 h n  I 2  
Max. Velocitq= 4.0 Ips. Mtn. Travel Time= 0.7 min 
Avg. Veloctly = 1 2 Ips. Avg. Travel Time= 2 . 3  min 

Peak Oepb= 1.19 
Capaciiy ai bank full= 153.54 CIS 
8.50' a 2 0 0  deep channel. n= 0.030 Lenglh= 160.0 Slope= 0.0075 7 
Side Slope .?.value= 1.0 'r 

Reach 24: r u n o n  c h a n n e l  

Hydrograph Plol 

East OSOF 
Prepared b y  GeoSyntec Consultanls 

Type /I 24-hr Rainfall*. 70" 
Page 76 

HldroCADQG OG %In 000129 0 1986-2001 Applmd MiCmCompuIer Syrlsrni 1/29ROOZ 

R e a c h  25: n e w  C M P  arch 

(521 Hint: Inlet mndilions not evaluated 
1651 Warning: lnlel elevalion MI specified 

Inflow =. €421 CIS Q 12.45 hm. Volume= 9.058 al  
Oulrlow = M.20 CIS @ 12.46 hn. Volume= 9.056 af. Anen= OX. Lag= 0.3 rnin 

Rouling by Slor-IndtTrans method. Time Span= 0.00-24.00 hn.  dl= 0.05 h n  
Mar. Velocity= 5 7 Ips. Urn. Travel Time= 0 2 min 
Avg. Velocily = 1.9 Ips. Avg. Travel Time- 0.5 min 

Peak OepUi= 1.52' 
Capaciiy at bank full= 453.67 cls 
A factor 01 2.00 has been applied lo Ihe supplied slorage and discharge dala 
72.0' Diameler Pipe n= 0.0 I8 Lenglh= 60.0 Slope= 0.0055 'r 

Reach 25: n e w  C M P  arch 

000280 



East OSDF 
Prepared by GeoSyntec Consullants 
HyjroCADd6 00 sin 000929 0 1986-2001 Applmd Microcornpuler Syslams 

Type /I 24-hr Rainlall.4.7cT 
Page 77 

1/29/2002 

R e a c h  26: runon channel  

1651 Warning: lnlel elevalm not specified 

Inflow = M.20 CIS @ 12.46 hTS. Volume= 9 056 a1 
Outflow = M.04 CIS Q 12.49 hn. Volume= 9.045 af. Anen= O X .  Lag= 2.0 min 

Rouling by Slor-IndtTrans method. Time Span= 0.00-24.00 hrs. d l r  0.05 hrs 
Max. Velocity= 4.4 fps. Min. Travel Time' 1.1 min 
Avg. Velocity = 1.6 Ips. A q .  Travel Time- 3.2 min 

Peak Depths 2.20 
Capacity at bank lull- 90.1 I CIS 
0.00 x 2.50 deep channd. n= 0.030 Length= 300.0 slope- 0.0075'1 
Side Slope ,?-value= 3.0 7 

B 

R e a c h  26: runon c h a n n e l  

Hydrograph Plot 
.. . . . . . .  - 

.... . 1 . . . . . . . . .  . .  .... 

]lp .3d z y  63 \ / z  8 -2- 
Easi OSDF D{3Y / sQ10.L Type 112.4-hrRainfaN.4.70' 

Page 78 Prepared b y  GeoSynlec Coosoltanis 
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Reach 27: n e w  C M P  arch 

- -  4 6 6 4  152) Hint: Inlet conditions MI evaluated 
(651 Waming: lnlel elevation M I  speufied 

Inflow = 64.98 CIS @ 12.48 nrs. Volume= 9.365 ai 
Oumow = M.87 CIS @ 12.49 hrs. Volume= 9.361 af. Anens 0%. Lag= 0.5 min 

Routing by Slor-IndtTranS method. Time Span= 0.00-24.00 hrs. at= 0.05 hrr I 2  
Mar. Velouty= 5.7 Ips. Mm. Travel Time= 0.3 min 
Avg. Velocity = 2.0 Ips. Avg. Travel Time= 0.9 min 

Peak Depth= 1.53 
Capacity a1 bank full= 455.55 CIS 
A laclor 01 2.00 has been applied 10 the Supplied storage and discharge data 
72.0-Diameter Pipe n= 0.018 Length- 110.0' Slope- 0.0055'1 

Reach 27: n e w  C M P  arch 
Hydrograph Plot 
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R e a c h  28: new CMP culver ts  

1521 n i n l  Inlet wndmons mi evaluated 
(651 Warning: Inlel elevation no1 Speufied 

lnltow = 70.78 cfs @ 12.45 hm. Volume= 10.544 a1 
Oulllow = 70.70 CIS @ 12.46hm. Volume- 10.542 al. Anen= 0%. Lag= 0.3 mln 

Routing by Stor-lnd*Trans melhod. Time Span= 0.00-24.00 hn. ai= 0.05 hrs 
Max. Velocity= 5.4 Ips. Min. Travel Time= 0 2 min 
Avg. Velocity = 1.9 Ips. Avg. Travel Time= 0.6 min 

Peak DepW 1.69' 
Capauty a! bank lull= 408.61 CIS 
A factor of 2.00 has been applied IO tne supplied storage and discharge data 
72.0' Diameter Pipe n= 0.018 Lengm= 65.0 Slope= 0.0045 '1 

R e a c h  28: n e w  C M P  culverts 
Hydrognph P b l  

nm. (bun, 

Type /I 24-hr Rainla//.4.7(Y' 
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E a s t  OSDF 
Prepared by GeoSyntec Consulrants 
HdroCADI36.00 110 000929 0 1986.2001 Applied M ~ C ~ D C O ~ ~ U I ~ I  S,*lsrnr 

Reach 29: east runon c h a n n e l  

I651 Warning: Inlet elevation mi speulied 

Inflow = 47.1Ocfs@ 12.50 hrs. Volume; 6.408aI 
O u m w  46.9 1 cfs Q 12.53 hn. Volumes 6.402 81. Anen= 0%. Lag= 1.5 min 

Routing by Stor.lnd+Trans method. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velocity= 4.6 Ips. Min. Travel Tlme= 0.8 min 
Avg Velocity = 1 6 fps. Avg. Travel Time' 2.4 min 

Peak Depth= 1 .8G 
Capacity at bank lull= 255.23 CIS 
0 0 0  x 3.50 deep cnannel. n= 0.030 Length- 230.0 Slope- 0.0100 7 
Side Slope Z-value' 3 0 7 

Reach 29: east runon channel 
Hydrograph PI& 

nm. (hours1 

B 



East OSDF 
Prepared by GeoSynlec Consultants 

Tyw / I  24-hr Rainla//=#.?O" 
Page 8 I 
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Reach 30: east runon channel 

[651 Warning: h le l  elevalion not specified 

Inflow = 45.98cIs@ 12.48 h n .  Volume; 6.152al 
'umow L 45.89cls@ 12.48 h n .  Volume; 6.151 al. Anen=OK. Lag= O.2rnin 

outing by Sur-IndtTrans mellnd. Time Span- 0.00-24.00 hrs. dl= 0 05 h n  I2 
Mas. Velocinl; 4.5 Ips. Min. Travel Time= 0.1 min 
~ v g .  Velocity i 1.5 Ips. Avg. Travel Time= 0.3 rnin 

Peak Deplh= 1.84 
Capaaty at bank lull= 104.05 CIS 
0.00' I 2.50 deepchannel. n= 0.030 Length; 30.0 Slooe-0.01007 
Side Slope 2-value. 3.07 

Reach 30: east runon channel 
HYdrOgnph Plol 

Type I /  24.hr Rainlall.4.70' 
Page 83 Prepared by GeoSynlec Consullanls 

H 3 m a t 6  00 LO 000929 Q 1986-2001 Applied MtoOCOmputer Svslams 1/29/200~ 

Pond 1P: (new node) 

Inflow = 49.32 cis @ 12.39 hn. Volume= 6.362 a1 
OuHlow = 45.98~1~ @ 12 48 h n .  Volume= 6 152 al. Anen= 7%. Lag= 5 4 min 
Primary = 45.98 CIS @ 12.48 hrs. Volume= 6.152 a1 

Rouling by Slor4nd melhod. Time Spans 0.00.24.00 hrs. dl= 0.05 hrs 

Slafling €lev= 592.00 Slorage= 0.691 a1 
Peak Ele- 593.91' Storage. 1 584 ar (0.893 a1 aMve srafling slorage) 
Plug-Flow delentbn lime= 101.9 min calculated for 5.449 all86Y. 01 Inflow) 
Storage and wened areas delemined by conic secuons 

Elevation Sud Area IncSbre Curn.Store Wet.Area 
(leetl (acres) (acre-feet) (acreJee0 (acres) 
589.30 0.186 0.000 0.000 0.186 
59000 0.210 0 13.3 n t w  0 2 1 1  

' 

. __ - _ _  ._ 
591 00 0278 0 243 0382 0279 
59200 0342 0 309 0691 0 344 
59300 0463 0 401 1092 0465 
59400 0624 0 542 I634 0 627 

Primary DuIFlow (Free Discharge) 
tl=Special (urerdefined) 

U Roulinq lnven Outlei Devices 
I Primary 592.00 Special (userdefined) 

Head(fee1) 0.00 0.01 0.18 0.51 1.01 1.34 167 2.00 
DisCh.(cIs) 0.00 0.00 0.08 1.33 8.21 17.57 31.73 51.47 

Jdt 3 c . v i 4 ~ G ~  , b2/&7 g 2 
Type I1 24-hr Rainlall.4.70" 

Page 82 
East OSDF UfiM i / & L  
Prepared by GeoSynlec Consullanls 
HIdroCAD@ 6 W d n  000929 0 1986-2001 Appl-d Mtcmmmpulsr Swlornr 1/29/2002 

Reach 31: culven 

1521 Hni: Inlet mnditions MI evaldaled 
1651 warning Inlei elevalmn not Swafied 4 6 6 4  
Inflow = 6.54 CIS @ 11.91 hn. Volume= 0.279 a1 
Oulflw = 6.33 crs @ 11.91 hn.  Volume= 0.279 al. Anen= 3%. Lag= 0.5 rnin 

Rouling byStor.tnd+Trans melhod. Time Span= 0.W-24.00 hn. dt= 0.05 hrs 
Max. Velooty- 4.8 fps. Min. Trave! Time= 0.3 min 
Avg. Vetaciry = 1.6 Ips. Avg. Travel Time= 0.8 min 

Peak Deplh= 0.35' 
Capacity at bank full= 946.99 CIS 
A factor 01 2.00 nas been applied to Ihe supplied storage and discharge data 
72.V Diameter Pipe n= 0.013 Length= 80.0 Slope= 0.0125 7 

Reach 31: culvert 

East OSDF 
Prepared by GeoSyntec Consultants 
HydroCADrE 6 00 r/n 000929 0 1986-2001 Applied M i ~ r o ~ ~ r n p u l e r  Syslsrns 

Type // 24-hr Rainlall.4. 70" 
Page B1 
1/29/2002 

Pond 1P: (new node) 
HYdroarlDh Plol 

000282 



East OSOF 
Prepared by GeoSynlec Consultants 

Tyw If 21-hr Ramf.91/=4.70' 
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P o n d  2P: ( n e w  node) 

tnflow = 69 22 cfs @ 12.36 nrs. Volume= 8.900 af 
Oudlow = 65.98 CIS @ 12.43 hrs. Volume= 9.092 af. Anen= 5%. Lag= 4.1 min 
Pliniary = 65.98 CIS @ 12.43 hrs. Volume= 9.092 af 

Duiirq by Smr-lnd method. Time Span= 0 00-24.00 hn. dl- 0.05 hn 

starting €lev= 589.0Ly Storage; 1.765 a1 
Peak Elew 589.83 Storage; 2.250 at ( 0  485 af above starting storage) 
Plug-Flow aelenlion lime= 115.9 min Calculated for 7.312 af(82X of innow) 
Siorage and wetied areas determined by Conic sections 

Elevalion Surf.Area Inc.Slore Cum.Slore We1 Area 
(feet) (acres, (acre-feet) (acre4eet) (acres) 

584.30 0.260 0.000 0.000 0.260 
585.00 0.286 0.191 0.191 0.287 
58600 0.328 0.307 0.498 0.330 
587.00 0.397 0.362 0.860 0 4 0 0  
588.00 0.448 0.422 1.282 0.452 
589.00 0.519 0.483 1.765 0.524 
590.00 0.647 0.582 2.347 0.652 

Primary OulFtow (Free Discharge) 
L l -Specia l  (user-defined) 

# Routinq lnven Oullel Devices 
1 Primary 588.50' SpCtal (userdefinedl 

nead(1eel) 0.00 0.01 0.18 0.51 1.01 1.34 1.67 Zoo 
Oisch (ds) 0.00 0.02 1.97 11.93 39.57 66.41 100.28 141.52 

East  OSDF 
Prepared by GeoSynlec Consultants 
HydroCAD@I6.00 %!n 000929 0 1906-2001 Applbsd Microcompuror S p l a m s  

Page 86 
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Pond 2P: (new n o d e )  

Hydrograph Plot 
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East OSDF 
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P o n d  3P: B o r r o w  Area Basin 

innow = 174.19cfs@ 12.58hrs. Volume= 30.229af 
Oulflow = 0.00 cfs @ 0.00 hrs. Volume= 0.000 a/. Anen= 100%. Lag= 0.0 min 
Primary = . 000 CIS @ 0.00 hrs. Volume= 0 000 a1 

Routing by Slor-hd method. Time Span= 0.00-24.00 hrs dl= 0.05 hrs 

Peak E l e r  574.29 Storage- 30.214 af 
PlugFbw detention time= (not calculated) 
Storage and welled areas determined by Conic sections 

Elevation SurIArea Inc.Slore Cum.Store We1.Area 
(feet) (acres) (acrefeel) (acre4eel) (acres) 

57000 6.391 0.000 0000 6.391 
571.00 6.687 6.538 6.518 6.690 
572.00 7.017 6.851 13.390 7.023 
573.W 7.290 7.153 20.543 7.300 
574.00 7.613 7.451 27.994 7.626 
57500 7.921 ' 7.766 35.760 7.938 

Elevation SurIArea Inc.Slore Cum.Store We1.Area 
(feet) (acres) (acrefeel) (acre4eel) (acres) 

57000 6.391 0.000 0000 6.391 
571.00 6.687 6.538 6.518 6.690 
572.00 7.017 6.851 13.390 7.023 
573.W 7.290 7.153 20.543 7.300 
574.00 7.613 7.451 27.994 7.626 
57500 7.921 ' 7.766 35.760 7.938 

Primdry OutFlow (Free Dmharge) 

t~:~:~:~&e,ngular weir 

# Rouiinq lnven Oullei Oevlces 
1 OewCe 2 575.30' 48.0" Hodr OriRcelGraie x 2.00 Llmtled to weir flow C= 0.600 
2 Primary 569.80' 48 .0  I 200.0' long Culven X 2.00 Ke= 0.700 

ouuei tnven- 569.00' s= o.oo.10~ n= 0.024 CC= 0.900 

nead(feet) 0.50 1.00 I.M 2.00 2.50 3.00 4.00 5.00 
, Coef.(Englisn) 3 0 0  3.00 3.00 3.00 3.00 3.00 3 0 0  3.00 

3 Primary 578.00' 20.0' long EroadCresled Rectangular Weir 

East OSDF 
Prepared by GeoSynlec Consultants 

Type I/  24-hr Rainfa/f=4 70" 
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Pond 3P: Borrow Area B a s i n  

Hydrograph Plol 

000283 
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West OSDF 
Prepared by GeoSyntec Consultants 
HvdroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type 11 24-hr Rainfall=4. IO" 
Page 1 

1 /29/2002 

4 6 6 4  Pond 1P: Sedimentation Basin 2 D 
Inflow = 87.24 cfs @ 12.05 hrs, Volume= 8.41 7 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 
Primary = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af 

Routing by Stor-lnd method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs 

Peak Elev= 575.41' Storage= 8.414 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Conic sections 

Elevation 
(feet) 

570.50 
571 .OO 
572.00 
573.00 
574.00 
575.00 
576.00 
577.00 

Surf.Area 
(acres) 
1.460 
1.512 
1.614 
1.713 
1.81 9 
1.917 
2.026 
2.162 

Inc.Store 
(acre-feet) 

0.000 
0.743 
1.563 
1.663 
1.766 
1.868 
1.971 
2.094 

Cum.Store 
(acre-feet) 

0.000 
0.743 
2.306 
3.969 
5.735 
7.602 
9.574 
11.667 

W et.Area 
(acres) 
1.460 
1.513 
1.617 
1.71 9 
1.827 
1.928 
2.039 
2.177 

Primary OutFlow (Free Discharge) 

1 =Orifice/Grate 
L3=Broad-Crested Rectangular Weir 

# Routing Invert Outlet Devices 
1 Device 2 575.50' 48.0" Horiz. Orifice/Grate Limited to weir flow C= 0.600 
2 Primary 570.78' 36.0" x 680.0' long Culvert Ke= 0.700 

Outlet Invert= 563.30' S= 0.01 10 '/' n= 0.024 Cc= 0.900 
3 Primary 576.00' 20.0' long Broad-Crested Rectangular Weir 

Head(feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

000286 
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West OSDF 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type 11 24-hr Rainfall=4. IO" 
Page 2 

1 I2912OO2 

4 6 6 4  
Pond 1P: Sedimentation Basin 2 

.. 

B 
Hydrograph Plot 
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WEST OSDF CONSTRUCTION-PHASE DESIGN SCENARIO 
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West OSDF 
Prepared by GeoSynlec Consullants 
HydmCAO@6 00 s k  000929 0 1986.2001 Applied Mcmcompuler Syrlsms 

Tyw I /  24-hr Rainfal/=f.70" 
Page I 

1/29/2002 

Tme span=0.0&24.00 hrs. dl-0.05 hrs. 481 poinls 
Runoff by SCS TR-20 melhod. UH=SCS. Type I1  24-hrRainlall=4.70' 

Reach mullng by Slor-lnd+Trans melhod - Pond routing by Slor-lnd method 

. . Subcatchment A: vegelaled Rnal cover 
Tcs18.3 min CN-83 Araai2.730 dc Runoff. 9.20 d r  0658af  

Subcalchmenl E: vegeraled final cover 
lc-19.3mm CN-83 Area.5.342~ Runoll- 17.45cb 1.287al 

' 
Subcatchment C: vegetated final cover 

Tc.193mm CNs83 Arsa.5.399 ac Runoffa 17.67cIr 1.301 sf 

B 
Subcalchmenl D: non-vegelaled Onal cover 

Tc=4 4 min CN-89 Area=5.530 ac Runolf. 33 61 clr I 605 af  

Subcalchmenl E: non-vegetaled final cower 
lc-4.8 mm C ~ 4 9  Area=4.807 ac Runoff= 28.78 CIS 1.395 a1 

Subcalchmenl F: non-vegetated Onal cover/conslruction laydown 
Tc=2.8 min CN.86 Areas1 640 aC RuwII= 9.68 CIS 0,436 a1 

Subcalchmenl G: non-vegelaled final cowerlCOnStRlction laydown 
Tc-6.8 min CN45 Arsa.3.637 ac Runoff- 18.59 cls 0.936 11 

Subcalchmenl H: connruction laydown area 
Trs30.5 mm cN-82 Ama=0.797 ac RVMH= 1.92 clr 0.185 a1 

Subcatchment I: ConsINction laydown area 
Tc125.0min CN-82 Arsa-0.512ac Runoff; 1 . 4 0 ~ 1 ~  0.119el  

Subcatchment J: construction laydown ama 
Tc=9. I min CNs82 Arsa=1.452 ac Runoff= 6.35 CIS 0.340 SI 

Subcalchment K: runon nonh of borrow area 
Tc.16.4 min CN=79 Arsa4.765 ac Runoff= 2 . 4 0 ~ 1 ~  0.162 e l  

Subcalchmenl L: construction laydown area 
Ts.17.7 min CNs82 Areasl.277 a5 Runofl. 1.24 CIS 0.298 a1 

Sukalchment M: runon nonhof borrow area 
Tcs5.3 min CNr79 Acead964 * C  Runoffn 4 33 CIS 0.204 SI 

Subcatchment N: conslruction laydown area 
T c = I 5 2 m m  CN.82 Area.1.043as Runoff=3.73clr 0244al 

Subcatchment 0: pond 
T c = l  0 mm CN-98 Area-2.252 ac Runoff= 16.67 clr 0.838 a1 

T v m  /I  24-hr Rainiaf/=4.70" West OSDF 
Prepared by GeoSyniec Consultants 
H,+oC40@6 00 Y8l000929 0 1996-2001 Applrrd f*ImC,OCOrneuler Syrlsml 

Page 3 
1/29/2002 

Runoff Area = 39.090 ac Volume = 10.228 af Average Depth = 3.14- 

B 

&-f 3c d.44 c 2 

Type 11 24-hr Rarniall=4 70" 
Page 2 

' 'hst&F uea I / & L  
Prepared by GeoSynlec Consullanls 
HldroCAO@ 6 00 sin 000929 0 1986-2001 Applied MxroUDmpuIer $.-terns 1/29/2002 

Subcatchment P: corislruclion laydown area 
Tc.7.6 min CN=82 ~rea=o.s43 ac ~unolf-4.35 CIS 0.221 ai  

Inlbw. 9.20 cfr 0.658 a1 
Lsnglh- 400 0 Mar Vel. 2.5 Ips Capacdyn 223.61 rlr Outflow. 8.86 CIS 0.656 af 

Reach 2: we51 channel InfYlw. 2564 d r  1.913 a1 
Lenglh=400.0 Max Vels 3 2 IPS Capasilyn 223 61 cfs Oulflow. 24.99 CIS 1.939 el 

Reach 3 w e n  channel Inlbw. 40.94 CIS 3.240 a1 
Longlh. 400.0 Max Val= 3 6 Ips Capaaly 223.61 CIS Ouillow- 40 07 cfs 3.234 a1 

Reach 4: wesl channel I n l b w i  45 76 clr 4.839 sf 
Lsnglh- 90.0 Ma. Val* 3.7 Ips Capaiilp 224.44 c h  Our/bw= 44.48 CIS 4 837 sf 

Inlbw= 44.48 d r  4.837 a1 
Lenglh; 100.0' M A X  Valz 4 6 IPS Capautp 397.33 CIS Oullbw= 44.18 CIS 4.835 a1 

I d b W ;  44.18 CIS 4 835 S I  
Length; 380.0 M a  Vel= 3.7 fpr Capacay 337.31 CIS Oufllow- 42.92 dr 4.827 a1 

Inlbw; 63.64 cfs 6 222 111 
Langlh. 550.0 Max Vel. 4 4 Ips Capaalp 31 5.77 c h  Outflow. 60.74 cfs 6.210 a1 

Inbw-  93.02 dr 8.386 a1 
Length. 280.0 Max V*ls 4.0 IPS CapaaIy= 315.58 cfr Ovlflow= 90 72 cfr 8.378 *I 

I n f l ~ w *  2.40 CIS 0.162 sf 
Lenglhs 200 0 Mar Val; 3 I IPS Capacilp 43.05 CIS Ou1110w= 2.34 CIS 0.161 SI 

Reach 1 0  access road diversion channel 

Reach 1: west channel 

Reach 5: culver( 

Reach 6: west channel 

Reach 7: west channel 

Reach 8: west channel 

Reach 9: channel 

Lengrh; 260.0 M a l  Vel- 0.0 Ips Capacily 32.43 cfr Out/low= 0.00 d r  0.000 af 

Inflaw= 9.68 clr 0 426 a1 
Lenglh; 310.0' Ma'VcI= 2.6 Ips Capacclyn 84.62 CIS Oudlcw- 8.69 cfr 0.435 a1 

P e d ,  i i :  cuiven lnlbw=30.l9clr 1.837al 
Langlh= 116.0 Max Vel= 8 5 IPS Cspacilp 1.1 12.19 cis Outbw= 29.92 CIS 1.836 af 

Inflow= 4 24 CIS 0 298 sf 
Length. 65.0 Mar Vel= 4 5 IPS Cnpamly 1,040.04 CIS Oudlow= 1.22 CIS 0.298 a l  

Inllow= 4.33  CIS 0 204 a1 
Length; 112.0 Mar Vel= 3.6 I D S  Capicily= 822.56 ds Ovlflaw= 4.22 CIS 0204 a1 

Reach 11: access road diversion channel 

Reach 13: culven 

Reach 14: culven 

Pond 1P: Sedimentation Basin 2 Ponk 510tage*8.908al lnllow= IW.51 c h  10.182af 
Primary= 2.73 CIS 1.332 a1 Oulfbu= 2.73 CIS 1.332al 

West OSDF 
Prepared by GeoSynlec Consullanls 
HldroC4W6 00 u n  0130929 0 1986-2001 AppliM MwoCompuIer Syrlems 

T y w  I1 24-lrr Rainla//4.70" 
Page 4 

1/29/2002 

Subcatchment A: vegetated final caver 

Runoff = 9.2Ocfs@ 12.11 hR. Volume- 0.658af 

Rum11 by SCS TR.20 method. UH=SCS. Time Span= 0.0024.00 hrs. dl= 0.05 hR 
Type I1 24-hr Ratnfall=4.70' 

Area (ac) CN Descriplion 
2.730 83 

Tc Lenglh 

6.9 90 0.0500 0 2  Sheet Flow. 

3.8 60 0.1000 0.3 Sheel Flow. 

6.4 1500.1700 0 4  Sheet Flow. 

0.5 190 0.1700 6.6 Shallow Concenlrated Flow, 

0.7 180 0 0075 4.2 75.84 TrapNeeRen Channel Flow, 

Slope Velocify Capacirq Oescriplion 
(min) (feet) (hm) ( W s e c )  (ds) 

Grass: Shon n= 0.150 P2= 2 . ~ 0 -  

Grass: Short n.O.150 P2=2.60" 

Grass: Short n= O.i.50 ~ 2 =  2.60- 

Unpaved KV= 16.1 IPS 

BOl.W=O.Oo' D=2.00 Z= 3.0 h 6.0 'P n= 0.030 
18.3 670 Tolal 

Subcatchment A: vegetated final caver  

Hvdrooraoh Plot 

000289 



T y p  /I 24-hr Rainfa//* 70' 
Page 6 

West  OSDF Type N 24-hr Rarda//=4 70' West  OSDF 
prepared by  GeoSyntec Consultanls Page 5 
H@mCAOB) 6 00 %In 000929 0 1986-2001 Applied MtCrOE~mp~ler SvrlsmP 1/29/2002 HVdroCADm 6 00 rln 000929 0 1986-2001 Applied M~~rocomp~Iat Syrmmr in912002 

Subcatchment 6: vegetated final cover  

~ u m l l  = 17.48 cis @ 12.12 hn.  Volume= 1.287 a1 

.... R ~ n o l l  by SCS TR-20 rnelhod. UHISCS. Time Span= 0.00-24.00 hn.  dl' 0.05 h n  
=e II 24.hr Rainla11=4.70' 

Area(ac) CN DescnplMl B .  5.342 83 

TC Lenglh Slope Veki ly  Capacity Descriplion 

6.9 90 0.0500 0.2 Sheet Flow. 

3.8 60 0.1000 0.3 Sheel Flow. 

6.4 150 0.1700 0.4 Sheet Flow, 

0.5 200 0.1700 6.6 Shallow Concentraled Flow, 

0.8 190 0.0075 4.2 75.84 TrapNeemect Channel Flow. 

0.1 60 0.0100 15.0 423.51 Circular Channel (pipe). 

0.8 200 0.0075 4.2 75.84 TrapeelRen Channel Flow, 

19.3 950 Tolal 

(man) (feet) (IUIII (IUsecl 'L (ds) 

Grass- Shon n= 0.1 50 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Smn n= 0. I50 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

~ot.w=o.oo' 0-2.00' Z= 3.0 6 6.0 'r n= 0.030 

Diam= 72.0' Area-28.3sf Perim= 18.B I= 1.50' n=0.013 

BOI.W=O.OO' 0=2.00' z= 6.0 6 3.0 'r n= 0.030 

T y p  I/ 24-hr Rainlall4.7O" 
Page 7 

1/29/2002 

Subcatchment C: Vegetated f inal cover  

Rum11 = 17.67cfs@ 12.12hrs. Volume: I M l a l  

Runoll by SCS TR.20 rnelhod. UH=SCS. Time Span= 0.00-24.00 hrs. dl= 0.05 h n  
Type I I  24-hr Rainfall=4.70' 

Area (aCJ CN Description 
5.399 83 

Tc Lenglh Slope Vebcily Capacity Descnpilon 

6.9 90 O . O M 0  0.2 Sheel Flow. 
Imin) (feel1 (Wh) (IVsecl (CIS) 

3.8 

6.4 

0.5 

0.8 

0. I 

0 8  

19.3 

60 0.1000 

150 0.1700 

200 0.1700 

190 0.0075 

60 0.0100 

195 0.0075 

945 T o l l  

0.3 

0.4 

6.6 

4.2 

15.0 

4.2 

Grass: ~ h o n  n-0 19 PZ= 2.60' 
Sheet Flow. 
Grass. Shon n= 0.150 P25 2.60' 
Sheet Flow. 
Grass: SMn n= 0.150 P2= 2.60' 
Shallow Concentrated Flow. 
Unpaved KF 16 I Ips 

75.84 TrapNeeReR Channel Flow. 
BOI.W=O.O~' 0.2 00' Z= 3.0 & 6.07 n= 0 .03  

Diam; 72.0' Area; 28.3 SI Pelim= 18.8' r- 1.50' n= 0.013 

BOI.W=OOO' 0=2.00 z=6.0 63.0.r n=o.oM 

423 51 Circular Channel (p ip) .  

75 84 TrapNeelRen Channel Flow. 

Subcatchment  8: vegetated f ina l  c o v e r  

. . . .  -, . 
_ . _ _  

. . . . . . . .  

. . . . . . . . .  
. . . . . . .  

. . .  . . . 
. . . . . . . .  
....... 

. . . . . . . .  
. . . . . . .  . .  . . . . .  
. . . . . . .  
. . . . .  - .. 
. . . . . . .  

........ 
. (  1. ..... , ....... - . - 1 -  L -: . . .  .. :. . . . . . . . . . . . . . . . .  . .  

' . . '  
' 0  t 2 1 i s a i i i yo i t  i z  -3 i a  i s  ;a i r  i e  ;B j, ir j j  :a 

rlm. (houri, 

- -  4 6 6 4  

D 
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West  OSDF 
Prepared by GeoSynlec Consullanls 

Type I /  24-hr Rainlall.4.70' 
Page 9 

H~rnCALWI 6 00 s ln  000929 0 1986.2001 ipphad Microcomputer Selems 1/29/2002 

Subcatchment  D: n o n v e g e l a t e d  final cover  

1491 Hint: Tcc2dl may require smaller dl 

Rumfl = 33.61 CIS @ 11.95hrs. Volume= 1.505al 

: m n  by SCS TR.20 melhod. un=SCS. Time Span= 0.00-24.00 ins. dl= 0.05 hrs 
rype II 24-hrRainla11=4.70' 

Area (ac) CN Descriprion 
5.530 89 

Tr I omin Sene VeIOcily Capaclly Descripiion .. __.l... ---- .. 
(min) (lee~) (IUfI)  (IUsec) (cfs) 

0.9 90 00500 I 8  Sheel Flow. 
SmMlh zurfaces n= 0.01 I P2= 2 . W  -. .... 

0.5 60 0.1000 2.1 Sheel Flc 

0.8 150 0.1700 3.2 Sheet Flow. 
Smwln Surfaces n= 0.01 1 P2= 2.61 

IW. 
0' 

Smoolh sulraces n= 0.01 1 ~ 2 =  2.60' 
0.5 205 0.1700 6.6 Shallow Concentrated Flow. 

0.8 190 0.0075 4 2 75.84 TrapNeelRect Channel Flow, 

0.1 60 0.0100 15.0 423.51 Circular Channel (pipe). 

0.8 195 0.0075 4.2 75.84 TrapNeelRen Channel Flow, 

4.4 950 Total 

Unpaved K F  16.1 Ips 

Bot.w=o.o0 0=2.00 z- 3.0 a 6.0 .r n= 0.030 

Diam= 72.0' Area= 28.3 sf Perim= 18.8' I= 1.50' n= 0.013 

BOI.W-O.OO' D=2.00  z- 6.0 a 3.0 'r n= 0.010 

Tvm / I  24-hr R a i n f a k 4  7 0  West OSOF 
Prepared by GeoSynlec Consullanls 
HydroCAOQ6 00 sln 000929 0 1386.2001 ipplldd Microcomputer Smtsrns 

Page 11 
1/29/2002 

D 
Subcalchment  E: non-vegetated f inal cover  

I491 Hinl: Tc<2dl may require smaner dl 

RumH = 28.78 CIS @ 11 95 hrs. Volume= 1.395 af 

Rumn by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainla11:4.70' 

Area(ac1 CN Description 
4.807 89 

TC Lenglh Slope Velocity Capaury Descnpilon 

0.9 90 00500 1 8  Sheet Flow. 
(man) (feel) ( I U f O  (fusec) (cis) 

Smwm surfaces n= 0.01 I P2= 2.60' 

Smooth surfaces n= 0.011 P2= 2.60' 

Smooth surfaces n= 0.01 1 PZ- 2.60' 

Unpaved KG 16.1 IPS 

BOI.W=O.W' ~=2.00'  z= 3.0 a 6.0 ,r n= 0 . 0 ~ )  

Diam= 72.0' Area= 28.3 sf Penm- 18.8 ,= 1.50 n= 0.013 

eoi.w=o.oO D=2.00 Z= 6.0 h 3 o 'r n= o 030 

0.5 M) O.lOO0 2.1 Sheel Flow. 

0.8 1500.1700 3.2 Sheet Flow. 

0.5 205 0.1700 6 6  Shallow Concentrated Flow, 

0.8 190 0.0075 4.2 75.84 TrapNeelRecl Channel Flow, 

0.1 60 0.0100 150 423.51 CircularChannel(pipe). 

1 2 305 0.0075 4.2 75.84 TrapNeelRen Channel Flow, 

4.8 1.060 Tom1 

. . . .  
Type / I  24.hr Rainlall.4 70- 

Page 10 
1/29/2002 

West OSDF '6c& I / 3 q C L  
Prepared by GeoSpleC Consullanls ' 
HydroCADBIQ 00 sin OW29 0 1986-2001 AppIced Micmcompular Splsms 

Subcatchment 0: non-vegeta led f ina l  cover  

Hvdroaranh Plot 

4 6 4 4  

Type /I 24-hrRainla//=4.70 
Page 12 

West OSDF 
Prepared by GeoSynleC Consullanls 

112912002 H ~ d r o c ~ O B 6  00 sln 000929 0 1986-2001 Applied Mr~m~~mputor  Svrtams 

Subcatchment  E: non-vegetaled f inal cover 
Hydrognph Plot 

L-R...n) 

' 0  I 2 1 4 3 e 7 8 e 10 I t  12 11 14 11 ta 17 ta 20 2, i 23 
nm. (houri) 

000291 



West OSDF 
Prepared by GeoSynlec tonsullanls 

rvpe / f  24-hr Rainfa//=4,7V 
Page 13 

~ @ m t a O O  6 00 sln 000929 0 1986.2001 Applied Murocompuler Svrlornr 1/29/2002 

Subcatchment F: non-vegetated final cover lconst ruct ion l a y d o w n  

1491 ~ i n i :  Tc<2dt may reqtire smaller dl 

~ ~ n o l l  = 9.68 CIS @ 11.91 hrs. Volume= 0.436 a1 

‘mil by SCS TR-20 method. UH-SCS. Time Span= 0 0024.00 hrs. dl= 0.05 hrs B ;vpe II 24-N Rainfa11=4.70' 

Area (ac) CN Oescriplion 
1.640 86 

TC Lenglh Slope VelDcity Capacity Desuiplwn 

1.4 300 0 1700 3.6 Sheet Flow, 

0.3 135 0 I700 6.6 Shallow Concenlraled Flow, 

0.4 5 0 0 0 1 4 1  1.9 Shallow Concenlrated Flow, 

0.7 185 00133 4.6 41.54 TrapNeerReciChannel Flow, 

(min) (feet) (IUhl (hlsecl (CIS) 

Smooth surfaces n= 0.01 1 P2= 2.60' 

Unpaved KF 16.1 Ips 

Unpaved Kv= 16.1 Ips 

BOI.W-O.OO' D=I.W z= 3.0 h 5 . o ~  n= 0.030 
2.8 670 Total 

Subcatchment F: non-vegetated final coverlconstruction laydown 
Hvdroanoh Plot 

3ctd-4dCz 1 7 2 / 2 8 2 -  
Type f /  24-hr Rainlal l4.70- 

Page 14 
1/29/2002 

W e s t  OSDF 
Prepared by GeoSynlec 
~ m c A O O 6 . 0 0  vn 000929 0 1986-2001 APPImd M i ~ m ~ ~ r n p u l ~ r  S p l e m s  

Subcatchment  G: non-vegetated final coverlconslruction l a y d o w n  

R U ~ H  = 18.59cfs @ 11.98 hrs. Volume= 0.936al 

RUMH by SCS TR-20 me1Md. UHZSCS. Time Span; 0.00-24.00 his. dl= 0.0 
Type II 24-hr RainlaU=4.70' +6 6 4 

Tc Length Slope VelOCily Capadry Description 

0.5 50 0.0500 1 6  Sheet Flow, 
Smoothsudaces n=0.011 P2-2.60' 

1.4 230 0.1000 2.8 Sheel Flow, 
Smooth surfaces n= 0.0 I I PZ= 2.60' 

0.2 20 0.1700 2.1 Sheel Flow, 
Smooth surfaces n= 0.01 1 p2= 2.M)' 
Shallow Concentrated Flow. 0.3 1lOO.1700 6 6  
Unpaved Kv= 16.1 Ips 
Shallow Concenlrated Flow. 3.9 450 0.0141 1.9 
Unpaved KF 16.1 Ips 

0.5 130 0.0066 4.6 114.26 TrapNeelRecl Channel Flow, 
B0i.W-0.00' D=2.50 z= 3 o d 5.0 .r n= 0.030 

6.8 990 Tolal 

(min) (feel) (Illh) (hlsec) (CIS) 

Subcatchment  G: non-vegelated final cover lconst ruct ion laydown 
Hydrograph Plol 

West OSOF 
Prepared b y  GeoSynlec Consultants 

Type I /  24-hr Rainfaff4.70' 
Page 15 

HdroCAD(2 5-~72?&000929 ID 1986.2001 Apploed MiCmCOmpuler Splems 1/29/2002 

Subcatchment H: c o n s l r u c t i o n  l a y d o w n  area 

Runoff = 1.92cfsO 12 25 hrs. Volume= 0.185af 

Runoff by SCS TR.20 method. UH=SCS. Time Span= 0.00-24 00 hrs. d1: 0.05 hrs 
Type II 24-hrRainlaIl=4.70' 

Area (ac) CN Descnplion 
0.797 82 

Tc Length Slope veloclfy Capacity DeSmplion I 
(win) (feel) Ihm) IWsec) (cfs) 
30.1 340 0.0141 0.2 Sheet Flow, 

Grass. Shon n= 0.150 P2= 2.60' 

Unpaved Klr- 16.1 Ips 
0.4 500.0141 1.9 Shallow Concenlrated Flow, 

30.5 350 Total 

Subcatchment H: c o n s t r u c t i o n  l a y d o w n  area 

ryw / I  24-hr Rainfalfd. 7 0  
Page 16 

1/2912002 

West OSDF 
Prepared by GeoSyntec Consullants 
HdmCAO@6 00 stn 000929 0 1986.2001 Applied Micm~omputor Svrlornr 

Subcatchment  I: const ruct ion l a y d o w n  area 

RunoH = 1.40 CIS @ 12.18 lirs. Volume= 0.119 af 

RunoH by SCS TR-20 method. UHSCS. Tinie Span= 0.00-24.00 hrs. d1- 0.05 hrs 
Type II 24.hr Rainfall-4.70' 

Area (ac) CN Description 
0.512 82 

TC Length Slope VelOcdy Capaciry Descnplion 

24.8 300 00230 0.2 Sheet Flow. 
(min) (feet) (hlh) (Illsec) (CIS) 

Grass: Shorl n= 0.1M P2= 2.60- 
Shallow Concentrated Flow. 
unpaved Kv= 16.1 Ips 

0.2 30 0.0230 2.4 

25.0 330 Total 

Subcatchment  I: construction l a y d o w n  area 

000292 



&-f 36(, s.qn/ C' 7, I 7 3 l L 8 2  
West OSOF Tym I/ 24-hr Rainfalld. 70" West OSOF bBM I I 0.L Jym I/ 24-hr Rainlall.4.70" 

Page 18 
Prepared by GeoSynrec Consullanis Prepared by GeoSynlec Consullanls Page 17 

1/29/2002 1/29/200~ HbdmCAOE)6.00 sln 000929 Q 1986-2001 Applmd Mcmcompuisr S*tamr 
H,droCADcD 6.W sln 000929 0 1986-2001 Applied M i ~ m ~ o m p ~ i e r  Slstamr 

2 

- - - 
, 

; 
k 

Subcatchment J: const ruct ion l a y d o w n  area 

Runoff = 6.35 CIS @ 12.00 hrs. Volume= 0.340 af 

. .  - - . . . . . . . . . . . .  . . . . . . . . . . . .  

. . . . . .  - - .  . . .  1 . . . . . . . . . . .  

. .  
. .  . .  . I '  . .  

. .  

Runoff by SCS TR-20 melbd. UH=SCS. Time Span= 0.00.24.00 IUS. dl= 0.05 h n  
Type II 24-hr Rainfall=4.70' 

Area (ac) CN Descriplion D 1.452 82 

O Q  i i 3 i i tl i a 9 no I t  $2  r3 J 
i s  tu 1, 1s i I t  jz  23 A 

Tc Lenglh Slope Velocity Capacity Description 

8.1 110 0.0500 0.2 Sheet Flow, 

1.0 3% 0.0075 6.0 221.03 TrapNeelRea Channel Flow. 

9.1 450 Total 

(min) (lee11 (IUh) (1Us.z~) (CIS) 

Grass: Shon n= 0.150 P2= 2.60' 

BOI.W=O.OO' 0.3 M' z- 3.0 'r n= 0.030 

Subcatchment J: Construct ion l a y d o w n  area 

West OSOF 
Prepared by GeoSynlec Consulrants 

Tym I/ 24-hr Rainlall.4. 70" 
Page 19 

1/29/2002 HvdroCADB 6 00 rln 000919 0 1986-2001 Appl8ed Marocompular Splemr 

Subcatchment L: const ruct ion l a y d o w n  area 

RuMI~ = 4.24 CIS @ 12.10 hn.  Volume= 0.298al 

RuWlf bV SCS TR.20 melhod. UH=SCS. Time Span= 0.00-24.00 hrs. dl= 0.05 h n  
Type I1 24-hr Rainfall-4.70' 

Area (ac) CN Descriplion 
1.277 82 

TC Length Slope Velon'ly Capaaty Desuiplion 
(min) (reel) (IVh) (fvstx) (CIS) 

17.7 220 0.0285 0.2 Sheet Flow. 
Grass: Shan n= 0.150 P2=2.60' 

Subcatchment L c o n s t r u c t i o n  l a y d o w n  area 

Subcatchment  K: runon north of b o r r o w  area 

R m f f  = 2.40 cfs @ 12.09 hn.  Volume= 0.162 af 

RUM# by SCS TR-20 melhod. UH=SCS. Tlme Span= 0.00-24.00 h n .  at= 0.05 hrs 
Type II 24.hrRainla11=4.70' 

Area (ac) CN Description 

4 6 6 4  c 
0.765 79 

Tc Lenglh Slope Velocity Capacity Descriplion 

Sheet Flow, 
Grass: SMn n= 0 150 P2= 2.60' 

(min) (feel) (fUIIJ (fvsec) (cis) 
16.4 220 0.0347 0.2 

West OSOF 
Prepared by GeoSynrec Consullanls 

Type I/ 24-hr Rainla//=l. 7 0  
Page 20 

1/29/2002 HydroCAOQ 6 00 %In 000929 @ 1986-2001 APPlled MoCmcompuIo, S.eierns 

S u b c a t c h m e n t  M: r u n o n  north of b o r r o w  area 

(491 Hinl: Tcc2dl may require smaller d l  

Runoff = 4.33 CIS @ 11.96 hrs. Volume= 0.204 a1 

Rumff by SCS TR-20 method. UWSCS. Time Span= 0.00-24 00 hn. dl= 0.05 h n  
Type 11 24-hr Ra1nfa11=4.70- 

' 

Area (acl CN Description 
0.9M 79 

Tc Lenglh Slope Velocily Capacity Descriplian 

4.3 50 0.0500 0.2 Sheet Flow. 

1.0 390 0.0110 6.6 177.46 TrapNeelRenChannel Ffow, 

5.3 440 Tolal 

(mm) (feet) (Ivftl (hlsec) (cis) 

Grass: Shon n=0.150 P 2 = 2 . w  

Bot.W=O.OO D23.00 2- 3.0'r n= 0.030 

S u b c a t c h m e n t  M: runon north of b o r r o w  area 

Hvdroannh Plot 

000293 



W e s t  OSDF 
Prepared by GeoSpIec Consullanls 

Type / I  24-hr Rain/al/4. 7 0  
Page 21 

HydmCADQ 6 00 d n  000929 63 1986-2001 APplka Microcornpuler Swlamr 1/29/2002 

Subcatchment  N: c o n s t r u c l i o n  l a y d o w n  area 

Rumn = 3 . 7 3 ~ 1 ~  @ 12.07 hn. Volume= 0.244 af 

Rumfl by SCS TR-20 method. UH'SCS. Time Span= 0.0024.00 hrs. dl= 0.05 hm 
pe I 1  24-hr Rainfall-4.70' 

Area(%) CN DesuipiiOn 
' 1.043 82 

TC Lenglh Slope Velocily Capacity Descriplion 

15.2 170 0.0250 0.2 Sheet Flow. 
(min) (feel) (ft l l t) (Nsec) (clr) 

B 
Grass: Shod n= 0.150 P2= 2 60' 

Subcatchment  N: c o n s t r u c t i o n  l a y d o w n  area 
Hydrograph Plal 

, I  
1 ,. 
,6 

(5. 
(1 

I1 
,). 

- 1 ,  
" ,o, 

z a 
1 
6 

- - 
D o  

B West OSDF 

.. . . . . . . . . . . . . . . .  
. . . .  . . . . . . . . . . . . .  ~ 

. . . . .  . . . . .  
- 

- 
.. - . . . . . . . . . .  

. . .  - .. - . . . . . . . . . . . .  - 
- . . . . . . . . . . . .  
. . . . . .  . . . . . . .  - - - . . . .  . . . .  
. . . . . . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . . . . .  . . . . .  . -  . 
- .  . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _ _  
. .  _ . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  
. . . . . . .  1. . . . . . . . . . . . . . .  - ..... .: ... . :. . .  
. . . . . .  :- . . . . . . . . . . . . . . .  i_ . - .  ... . . .  

Type I /  24.hr Rainial lJ. 70' 
Page 23 Prepared by GeoSynlec Consullanls 

HldmCADBI 00 Uno00929 B 1986-2001 Applied PAi~(e60mpute1 Systems 1/29/2002 

Subcatchment P: c o n s t r u c t i o n  l a y d o w n  area 

 RUM^ = 4.35cls@ 11.99hn. Volume= 0.221 a1 

 RUM^ by SCS TR-20 rnelhod. UH=SCS. Time Span= 0.00-24.00 hn. dl' 0.05 hn  
Type I1 24-hr Rainlall=4.70- 

5 . . . . .  - ..... . . .  - . - - - - - .  - .  - . .  , . .  . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . .  ..... 
2. 

. .  - .  . . . .  . . . . . . . - I  1 

. . . .  . . .  . . . .  - - 

TC Lenglh Slope Velocdy Capaciv Descn'plion 

6.9 90 0.0500 0 2  Sheel Flow. 

0.7 235 0.0075 6 0  221.03 TrapNeelRect Channel Flow, 

7 6  325 Tolal 

(min) (feel) (fVh) (ftlsec) (cfs) 

Grass: Shon n= 0.150 P2= 2.60' 

001.w-0 0 0  D=3.50' 21: 3.0 'I  n= 0.030 

Subcatchment P: c o n s t r u c t i o n  l a y d o w n  area 

Subcatchment  0: pond 

1491 Hinl: Tcc2dl may require smallu dl 

Runnfl = 16.67 cfs @ 11.90 hrs. Volumes 0.838al 

 RUM^^ by SCS TR.20 method. UH=SCS. Time Span= 0.00-24.00 hrs. dlz 0.05 h n  
Type I1 24-hr RainlaIl-4.7l7 

Area (ac) CN Dexnplion 

4664 2252 98 

TC Lenglh Sbpe Vebcily Capauly Descnplion 

I O  Diren Enlv. 
(min) (feel) (lU11) (ltlsec) (cls) 

Subcatchment  0: pond 
Hydroqraph Plot 

. 

Type I /  24-hr Rainlallr4. 70' 
Page 24 

W e s t  OSDF 
Prepared b y  GeoSynlec Consullanls 

If2912002 HydroCADS 6 00 sln 000929 0 1986.2001 4ppli.d M I C ~ O C O ~ P Y I C ~  Snisnl$ 

R e a c h  1: west c h a n n e l  

1651 Warning: Inlet elevalion nnl spzcifi6d 

fnflow = 9.20 cls @ 12. I 1  hrs, Volume= 0.658 af 
Oumow = 8.86 cls @ 12.19 hrs. Volume: 0 656 af. Anen= 4%. Lag= 4.9 rntn 

Routing by Stor-lnd*Trans melMd. Time Span= 0.00-24.043 hn. dl= 0.05 hrs 
Max. Velociy- 2.5 Ips. Min. Travel Time= 2 7 min 
Avg. Velocily = 1 .O Ips. A q .  Travel Time- G 8 min 

Peak Depth= 0.90' 
Caoacilv at bank lull= 223.Cl CIS 
0.00 x '3.00~ aeep Channel. n= 0.030 Length= 400 0 slope= 0.0075 .r 
Side Slope 2-vaIue= 3.0 6.07 

Reach 1: west c h a n n e l  

000294 



West OSOF 
Prepared by GeoSynlec Consulranls 

T y p  If 24-hr Rainlalf=4.70" 
Page 25 

~,dr0CAD@6.00 I ln 000929 0 1986.2001 Applied Mrrocornpuler Splernr If2912002 

Reach 2: w e s t  c h a n n e l  

(64 warning: Inlet elevation 01 specified 

innow = 25.64 CIS @ 12.14 hn. Volume= 1.943 a1 
> u m w  = 24.99 CIS @ 12.20 hn.  Volume- 1.939 af. Anen= 3Y.. Lag= 3.8 min 

Aouting by Stor-lnd+Trans meihod. Time Span= 0 00-24.00 hrs. dl= 0.05 IUS 
Max. Velocily; 3.2 fps. Min. Travel Time= 2.1 min 
Avg. Velocity = 1.3 Ips. Arg. Travel Time= 5.2 min 

D 

,, 
( 2 .  
( 0 .  

Peak Oepm= 1.32' 
Capacily ai bank lull= 223.61 CIS 
0.00' x 3.00 deep manna. n= 0.030 Lergm= 4ao.o slope- o 0075 .r 
Side Slope 2-value' 3.0 6 0 7 

Reach 2: w e s t  c h a n n e l  

Hydrograph Plol 

. .  : .  . . . . . . . . . .  . . . . .  

o I z 3 4 5 i 7 d 4 i o  i t  12 ,j 14 ,j v ' i 7  II IO m ZI  zz 23 2.1 
nm. (houri) 

- - . 1 -  ..... ~ ~ - ~ ~ - - "  . . . . . . .  
.. - 2 - - , -'. - ... . . .  . . . . . . . . . . . .  - ,OO,C(. . .  - . ... .. - ~ .., - _. - - - - . . . . . . . .  

Tvpe If 24-hrRainfaff=4.70 
Page 2) Prepared by GeoSynlec Consullanls 

?ly%G:63BS M) $1" 000929 0 1986-2001 Appllod Mcrocornpular Svrlcrnr I12912002 

Reach 4: west c h a n n e l  

(651 Warning: lnlel elevailon not specdled 

Inflow = 4 5 . 7 6 ~ 1 ~  @ 11 9 6  hn.  Volume= 4.839 a1 
Outllow = 44.48 CIS @I 11.98 hn. Volume= 4.837 al. Anen= 3%. Lag= 0.9 rnm 

Rouling by Slor-lnd*Trans methoa Ttme Span= 0 00.24 00 nn dl= 0 05 hs 
Max V e l o c v  3 7 Ips. Mm Travel Tmc= 0 4 m.n 
Avg Velocq = 1 5 Ips Avg Travel Tome= 1 0 mm 

Peak Depth- 1 65' 
Capacity at bank lull= 224.44 cfs 
0.00 x 3.00 deep manna. n= 0.030 Length= 90.0' Slope= 0.0076 T 
Side Slope .?-value= 3.0 6.0 7 

Reach 4: west c h a n n e l  

Hydrognph PI01 

1'7 5 /28z 
Tvpe / I  24-hr Rainlaff.4 7 0  

Paqe 26 
W e s t  OSDF 

H&CAD@i 00 slnbOO929 0 1985.2001 Apphsd Microcornpum, Sptorns i n s i 2 o o ~  

R e a c h  3: w e s t  c h a n n e l  

(651 Warning: lnlel elevation MI SpwIied 

Inflow = 40.94 cfs @ 12.17 hrs. Volume= 3.240 ar 
Oulflow = 40 07 cfs @ 12.22 hn. Volume= 3.234 al. Anen= 2%. Lag= 3.4 min 

Routing by Stor-lnd+Trans method. Time Span= 0.00-24.W hrs. di= 0 05 hn 
Max. Velocip 3.6 Ips. Min. Travel Time= 1.9 rnin 
Avg. Velocity= 1.5 Ips. Abg. Travel Time= 4.6 min 

CaDaCilval Peak Oeplh= bank 1.58 lull= 221.61 CIS - , 4 6 6 4  
0.00 a .3 00 deep manna. n= 0.030 Lenglh; 400.0  Slope= 0.0075 ' r  
Side Slope 2-value- 3 0 6.0 7 

Reach 3: west  c h a n n e l  

Hvdrowanh Plol 

1 0 : .  . . i _  - . . . . . . . . . . . . . . . . . .  : . .  _ .  -. ..... - ... . . . . . .  .. .. . . . . . . . . . . . . . .  ,s. + - - - 
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W e s t  OSOF 
Prepared by GeoSynlec Consullanls 

Tyw f I  24-hr Raif l faNd. 70" 
Page 28 

HVdroCADB6 00 sln000923 0 1986.2001 Applied M ~ ~ r ~ ~ o m p u l i r  Syrlerns 1/29/2002 

R e a c h  5: c u l v e r t  

1521 ninl: lnlel condilions no01 evalualed 
1651 Warning: lnlel elevasan not specified 

innow = 44.48 CIS @ 11.98 nrs. Volume= 4.837 a1 
Oulflw = 4 4 . 1 8 ~ 1 ~  8 11.99 hrs. Volume' 4.835 af. Anen; 1%. Lag= 0.8 min 

Rouling by Slor-lnd+Trans melhod, Ttme Span= 0.00.24.00 nrs. dl= 0.05 nn  
Max. V e l o c l l ~  4.6 Ips. Min. Travel Times 0.4 min 
A q .  Velocity = 1.7 Ips. Avg. Travel Time= 1.0 mm 

Peak Oeplh= 1.36' 
Capauty at bank full= 397.33 CIS 
A factor 01 2.00 has been applied 10 lhe supplled slorage and discharge dala 
72.0- Oiamerer Pipe n= 0.024 Length- 100 0 Slope- 0.0075 'r 

R e a c h  5: cu lver t  

000295 
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w e s t  OSOF 
Prepared by GeoSyntec Consullanls 

Type I /  24-hr Rain/all=4.70' 
Page 29 

",dmC40@6 00 sin 000929 (D 1986-2001 Appbed M~cmCOmpulel Svllsmr 1/29/2002 

Reach 6: west  c h a n n e l  

[65j warning: Inlet elevalion MI specified 

innow 5 44.18cls@ 11.99 hn.  Volumes 4.835al 
')urnow i 42.92cls@ 12.29 his. Volume' 4.827 al. Anen= 3%. Lag= 18.1 rnin 

~ o u l i n g  by $lor-IndtTrans method. Time Span= 0.00-24 M) hrs. dl= 0.05 hrs 
t.4az. Velociw 3.7 Ips. Min. Travel Time= 1.7 rnin 
Avg. Velocity = 1.5 fps. Arq. Travel Tlmel 4.1 min 

Peak Deolh= 1.6T 
Capadlybl bank lull= 337.31 CIS 
0.00 L 3.50 deep channel, n= 0.030 Lenglh- 380 0 Slope= 0.0075 'I 
Sde Slope Z.value= 6.0 3.0 'f 

Type /I 24-hr Rainlal ld. 7 0  West OSDF 
Prepared by GeoSynrec Consullanls 
H@mCA0@6.00 sin 000929 c3 1986-2001 4ppliad Micmcornpuler S@lernr 

Page 31 
1/29/2002 

B 
Reach 8: w e s t  channel 

1651 Warning: Inlet elevalion no1 speulied 

lnllow = 93.02cfs @ 12.02 ne. Volume= 8.386 a1 
OumOw = 9 0 . 7 2 ~ 1 ~  Q 12.05 hn. Volume= 8.378 al. Anen= 2%. Lag= 1.9 min 

Rouling by Stor-lnd+Trans melhod. Time Span= 0.00-24.00 hrs. d F  0.05 hfs 
Max. Velocirv. 4.8 Ips. Min. Travel Time= 1.0 min 
Avg. Velocity = 1.9 fps. A q .  Travel Time= 2.4 min 

Peak Deplh= 2 . 9  
Capacily ai bank lull= 315.58 cfs 
0.00 x 4.00 deep channel. n= 0.030 Lenglh. 280.0 Slope= 0 0075 'r 
Side Slope 2-value= 3.07 

Reach 8: w e s t  c h a n n e l  

Hydrogmph Plot 

i lms (hounl 

\yak \ \ 3 s  \ C 2 Type /I 24-hr Ramlall.4 70" 
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1/29/2002 

West  OSDF 
Prepared by GeoSyntec Consullanls 
HldroCAMI6 00 dn 000929 0 1986.2001 APDlisd M ~ ~ m c o m p u l e ~  Sp lems  

Reach 7 west c h a n n e l  

[65J Warning: Inlet elevauon MI specified 

innow = 63.64 CIS @ 11.99 hrs. Volume= 6.222 af 
Oumow = 60.74 CIS Q 12.05 hrs. Volume- 6.210 al. Anen= 5%. Lag= 3.9 min 

Routing by Slor-lnd*Trans melMd. Time Span= 0.00-24.M) hn. dl- 0.05 hn 
Mar. Veloc iv  4.4 Ips. Min. Travel Time- 2.1 min 
Avg. Vebaly = l.8lps. Avg. Travel Times5.1 min 

Peak D e p w  2.17' 
Capacily ai bank full= 315 77 CIS 
0.00 x 4 0 0  deep channel. n= 0.030 Length= 550.0 Slope= 0 0075 ' r  
Side Slope .?-value= 3.0'1 

' - 4 4 6 4  

Reach 7: west  channel 
Hydrograph Plol 

1o . . . . .  . . . .  . . . . . . . . . . . . . . . . . .  . : - - ._ - ,_ - - - - - - .. 
65 .. . ... _._.:- ... 

rype II 24-hr Rainla114.70' 
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112912002 

West OSOF 
Prepared by GeoSyntec Consullanls 
HydroCnD6 6 00 sin 000929 (D 1986.2001 4ppliod Microcompulor S~r ioms 

Reach 9: channel  

[GSl Warnmng: Inlet elevation ml specified 

ln/lav = 2.40 CIS Q 12.09 h n .  Volume= 0.162 a1 
Oumow = 2.31 CIS Q 12.12 hn. Volume= 0.161 al. Anen= 2%. Lag- 1.9 min 

Rouling by Slor.lnd+Trans melhod. Time Span= 0.00-24.00 hn. dl= 0.05 hrS 
Max. Velocity. 3.1 Ips. Min. Travel Time= 1.1 rnin 
Avg. veloc,ty = 1.2 Ips. A q .  Travel Time= 2.7 min 

Peak Depm; 0.51' 
Capauly a1 bank lull- 43.05 CIS 
0.00 x 1.50 deep channel, n= 0.030 Lenglh-; 200.0 Slope= 0.0261 'I 
Side Slope Z.value= 3.0 'r 

Reach 9: channel  

HYdrograDh Plot 

000296 



QJf 3 C V d  d-z . i7 iLfa 
West OSDF Type I/ 24-hrRa;n/a/l=4.70 West OSDF .i pi 3 z Type I1 24-hrRainla//*.70' 
Prepared b y  GeoSynlec Consultants Page 33 Prepared by GeoSynlec Consullanls Page 34 

1/29/2002 HydroC4CZ36.00 sln W0929 0 1986-2001 Applied Mioocomputsr Splsrnr tn9/2oo< y r a C A m  6.00 $1" 000929 0 1986-2001 Applied Mioocornpulsr Splernr 

R e a c h  10: access r o a d  d ivers ion channel 

(431 Hint. nas M inflow (Oudlow=Zem) 

r)urf~ow = 0.00 cfs 0 0 00 hrs. Volume- 0.000 af 

Max. Velociy- 0.0 Ips. Min. Travel Time- 0.0 min 
A*. Velociry = 0 0 Ips. Avg. Travel Time= 0.0 min 

Peak Deplh- 0.00' 
Capacity ai banh lull= 32.43 CfS 
0.00' x 1.50 deepchannel. n=0.030 Lengrh;: 260.0 Stope= 0.01487 
Side Slope Z-watue= 3.0 'r 

outing by Smr-lnd*Trans melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 0 
Reach 10: access r o a d  d ivers ion channel  

Hydrograph PI01 
I 

West OSDF 
Prepared by GeoSynlec Consullanls 

Type I/ 24-hr Rarnlalld 7 0  
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0 
Reach 12: cu lver t  

[52l Hml: Inlet condinons no1 evaluated 
(651 warning lnlel elevation MI Specified 

Inflow = 30.19cfs @ 11.99 hrs, Volume= 1837 af 
OumOw = 29.92 CIS @ 11.99 hn,  Volume- 1.836 al. Anen= 1%. Lag= 0.3 mm 

Routing by Slor-IndtTrans mellod. Tme Span= 0 00.24 00 hrs. dl= 0.05 hrs 
Mali VelOCw 8 5 Ips. Man Travel Time= 0.2 min 
Awg. Veloory = 2.7 Ips. A q .  Travel Time= 0.7 min 

Peak Deplh; 0 68' 
Capacilyat bank IUII= 1.1 12.19 CIS 
A factor Of 2 00 has been applted 10 the supplied slorage and discharge dala 
72.o'Diameler Pipe n: 0.013 Length= 116.0' Slope= 0.0172'r 

Reach 12: culver t  

Reach 11: access road diversion c h a n n e l  

[SS] Warning: lnlel devalion IWI Specified 

Inflow = 9,68cIs@ 11.93 hn. Volume= 0.436 a l  
OuHlow = 8.69 CIS @ 11.98 hrs. Volume- 0.435 af. Anen= 10%. Lag= 3 2  min 

Rouing by Stor-IndtTrans melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velociry= 2.6 fps. Mm. Travel Time= 2.0 min 
A q .  Velocity E: 0.9 Ips. A q .  TravelTime= 3.7 min 

Peak Depth= 1.08' - 4664 
Capacily a1 bank lull= 84.62 ds 
0.00 x 2.50 deepchannel, n= 0.030 Lenglh= 310.0 Slopes 0.00667 
Side Slope Z-value= 3.0 7 

Reach 11: access road diversion channel  

West OSDF 
Prepared by GeoSynlec Consullanls 
HyJmCAD@ 6.00 %lo 000929 0, 1986-2001 Appliad Microcornpuler Splernr 

Type // 24-hr Rainlal/=4. 70. 
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Reach 13: culver t  

152) nml: Inlet conditions no1 evaluated 
[65] Warning lnlel elevation MI specified 

Inflow 4.24 cis @ 12.10 hn, Volume= 0.298 af 
Outflow = 4.22 cfs @ 12.1 1 h n .  Volume= 0.298 af. Allen= 1%. ~ a g =  0.4 mtn 

Routing by Slor-lnd+Trans method. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. V e l o o w  4.5 Ips. Min. Travel Time= 0.2 min 
Avg. Velocity = 1.8 fps. Avg. Travel Time- 0.6 min 

Peak Deplh= 0.28' 
Capaaly a bank lull= 1,040.04 CIS 
A fanor of 2.00 has been applied Io the supplied slorage and discharge dala 
72.0' Diameter Pipe n= 0.013 Lengm- 65.0' Slope: 0.0151 7 

Reach 13: culvert 
Hvdroomoh Plot 

000297 



West OSDF 
Prepared by GeoSynlec Consultanls 

Typa / I  24-hr Rainlall-f. 70- 
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Reach 14: culvert 

1521 Hmt. Inlet conditions MI evaluated 
1651 Warning: Inlet elevation MI Specified 

.'low = 4.33 CIS@ 11.96hn. Volume' 0.204 af 
$low = 4.22 CIS @ 11.98 hrs. Volume' 0.204 af. Allen= 3%. Lag= 0.9 min 

nou~,ng by Slor.lnd+TranS method. Time Span= 0.00-24.00 hrs. dl= 0.05 h n  
Uax. Velocmry 3.8 Ips. Min. Travel Time= 0.5 min 
~ v g .  velociry = 1.4 Ips. Avg. Travel Time= 1.3 min 

B 
Peak Depth- 0.31' 
Capauly ai bank full= 822.56 CIS 
A faclor 01 2.00 has been applied 10 Ihe supplied Storage and discharge dala 

ength= 112.0 Slope- 0.0321 'r 72.V Dianieler Pipe n= 0.024 L 

Type / I  24-hr Rain la lb i  70- 
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Pond 1P: Sedimenlat ion Basin 2 
Hvdrooraoh Plot 

Type I/ 24-hr Rainfall.4.70' 
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West OSDF 
Prepared by GeoSynlec Consu tan s 

Pond  1P: Sedimentation Bas in  2 

HldroC)iO@B 00 sln 000929 0 1986-2001 Applted Micm~~mpuler Syrlorns 1/29/200;! 

Inflow = 106.51 c k @  12.04 hn. Volume; 10.182 al 
Oumow = 2.73 CIS @ 19.1 1 hn. Volume= 1.332 af. Anens 97%. Lag= 424.0 min 
Primary = 2.73 CIS @ 19.11 tus. Volume- 1.332 af 

Routing by Stor-lnd melhod. Time Span= 0.00-24.00 hrs. dl= 0.05 hts 

Peak E l e r  575 66 Storage- 8.908 a! 
Plug.Flow delenlion lime= 605.6 min calculated lor 1.330 af ( l3% of i n f l o e  .. 
Storage and welled ireas determined by tonic sections 

Elevation Surl.Area Inc.Slore CumSIOre Wel.Area 
(feet) (acres) (acre-feet) (aue-feel) (acres) 

570 50 1.460 0.000 0.000 1.460 
571 00 1512 0 743 0 743 1513 
572 0 I614 1 563 2 306 1617 .... ._ ~~~ ~ .~~ 
573.00 1.713 1.663 3.969 1.719 
574.00 1.819 1.766 5.735 1.827 
575.00 1.917 1.868 7.602 1.928 
576.00 2.026 1.971 9.574 2.039 
577.00 2.162 2.094 11.667 2.177 

Primary OulFlow (Free Discharge) 

3=BroadCresled Rectangular Weir 

n Rourtng lnverl OuHelDeuces 
1 Device 2 575.M' 4U.O'Hori~ OrificelGrale Limited 10 weir bow C= 0.600 
2 Primary 570.78' 36.0' I 680.0' long Culvert Ke= 0.700 

outlet Invert= 563.30 S= 0.01 IO 'r n= 0.024 cc= 0.900 
3 Primary 576.00' 20.0' long BroadCreSled Rectangular Weir 

Head(fee1) 0.50 1.00 1.50 2.131 2.50 3.00 4.00 5.00 
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
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West OSDF 
Prepared by GeoSyntec Consultants 
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Page 1 
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4 6 6 4  Pond 1P: Sedimentation Basin 2 
B 

Inflow = 135.91 cfs @ 12.04 hrs, Volume= 12.886 af 
Outflow = 8.01 cfs @ 14.26 hrs, Volume= 4.002 af, Atten= 94%, Lag= 133.5 min 
Primary = 8.01 cfs @ 14.26 hrs, Volume= 4.002 af 

Routing by Stor-lnd method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs 

Peak Elev= 575.84' Storage= 9.250 af 
Plug-Flow detention time= 378.6 min calculated 'for 4.002 af (31% of inflow) 
Storage and wetted areas determined by Conic sections 

Elevation 
(feet) 

~ 7 n  Fn 
V .  V."" 

571 .OO 
572.00 
573.00 
574.00 
575.00 
576.00 
577.00 

Surf.Area 
(acres) 
: .46G 
1.51 2 
1.614 
1.713 
1.819 
1.917 
2.026 
2.162 

Inc.Store 
(acre-feet) 

n.nnC! 
0.743 
1.563 
1.663 
1.766 
1.868 
1.971 
2.094 

Cum.Store 
(acre-feet) 

n.noC! 
0.743 
2.306 
3.969 
5.735 
7.602 
9.574 

1 1.667 

Wet.Area 
(acres) 

1 .A60 
1.51 3 
1.617 
1.71 9 
1.827 
1.928 
2.039 
2.177 

Primary OutFlow (Free Discharge) 

Ll =Orifice/Grate 
L3=Broad-Crested Rectangular Weir 

# Routing Invert Outlet Devices 
1 Device 2 575.50' 48.0" Horiz. Orifice/Grate Limited to weir flow C= 0.600 
2 Primary 570.78' 36.0" x 680.0' long Culvert Ke= 0.700 

Outlet Invert= 563.30' S= 0.01 10 7' n= 0.024 Cc= 0.900 
3 Primary 576.00' 20.0' long Broad-Crested Rectangular Weir 

Head (feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

- 000300 
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West OSDF 
Prepared by GeoSyntec Consultants 
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Type lI 24-hr Rainfall=5.60" 
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1 /29/2002 

- $ 6 6 4  Pond 1 P: Sedimentation Basin 2 
B 

- 
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EAST OSDF POST-DEVELOPMENT DESIGN SCENARIO 
2-YEAR, 24-HOUR STORM EVENT 

1 

1/29/2002 
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posl d e v  East OSDF 
Prepared by GeoSynlec Consultanls 

Type /I 24-hr RainIal/=Z. 5 5  
Page I 

1129/2002 ~ , . j ~ ~ C A 0 @ 6  00 sin 000929 0 1986.2001 Appbod MmOCompUlOr Syrloms 

Time span=0.00.36 00 hn. dFO.05 hrs. 72 I points 
Runoff by SCS TR-20 melhod. UH'SCS. Type II 24-tu Rainfaii=2.55' 

Reach rouling by Stor-lnd+Trans methou - Pond m u p g  by Stor-ind method 

ubcatchment A: vegetated final Cover system 
Tss17.3min CNz74 Aroa.t.964 ac Runoff= 1 3 4  cfr 0 104 d 

ubcatchmem API: open space with good grass cower 
Tr=i6emin C N = ~  *rea=z.708ac Runof1s 1.89cfs 0.144.f 

m 
Subcatchment a: vegetated final cover system 

T c 4 . 2 m i n  CN.74 Aroa=l . l79ac Runoff. 1 2 5 ~ 1 s  0063.1 

Subcalchment BB: open space with good grass cover 
1c:O.l mi" CN=79 A r e a 4  761 ac Runoff; 1 02 CIS 0055 af 

Subcatchment c: vegetated final cover system 
Tc=20.7 min CN.74 Areas5 209 ac Runoff* 3.18 cfr 0 276 af 

Subcatchment CC: open space with good grass cower 
Tc=6.7min CN=79 4ras=O.l21 ac Runoff.O.18 cfr 0.009 a1 

Subcatchment D: vegetated final cover system 
TciZO.1  mm CN=74 Area=5.131 ac Runoff. 3.20 CIS 0.272 af 

Subcatchmem DD: vegetated final cover system 
Tc=10.9 min CNn74 4ros=0.544 ac Runofl. 0.4: cis 0.029 af 

Subcatchment E: vegetated final cover system 
T~=19 .7mm CN.74 4raa=5 092ac Runoff. 3 21 cf i  0.270af 

Subcatchment E E  open space with good grass cover 
Tc-25.4 min CN177 Area-0.925 ac Runoff= 0.63 cfs 0.059 af 

Subcatchmenl F vegetated final cover system 
Tc=19.7mm CN-74 4rss-5051.3~ RuneR=l . l9dr  0268.1 

Subcatchmenl FF: vegetated final cover system 
Tc=l8.6 min CN.74 Areas3.089 B C  Runoff; 2.02 CIS 0.154 af 

Subcatchment G: vegetated final cover system 
Tc=l9.8'min CN-74 4rsa=5.309ac Runoff* 3 3Jcfr 0282 a1 

Subcalchment GG: open space wilh good grass cover 
Tc.28.3 min CN=67 Area.1.97Sac Runoffs 0.45efs 0.062af 

Subcatchment H: vegelaled final cover system 
T ~ = 1 9 O m i n  CNs74 Ama.3487ac Runoff=225clr O 1 8 5 a l  

T y p  I/ 24hr RainfaJ1=2.55' 
Page 2 

-- 4 , 6 6 4  
post d e v  East OSOF 
Prepared b y  GeoSynlec Consullanls i/*/c 
HVdroCADB 6 00 sln 000929 0 1986-2001 4pplied Miuocompular Syrlnmr 112912002 

Subcatchmenl HH: Open space with good grass Cover 
Tc=13.9min 

Subcatchrnem I: open space with good grass caver 
T c = I S I  mm 

Subcatchment II: open space with good grass cover 
Ts.23.0 min 

Subcatchment J: open space with good grass cover 
Tc=2B.8min 

Subcalchment JJ: open space wilh good grass cover 
Tc=41.9 min 

Subcatchment K: open space with good grass Cover 
Tc-28.8 min 

Subcatchment K K  open space with good grass cover 
Tc=16 4 mm 

Subcatchment L: open space with good grass cover 
Tc.tS.4 min 

Subcatchmenl LL: open space wilh good grass cover 
lc-28.1 mm 

Subcatchment M: ODen SOace with qood was5 cower 

CN=79 Area:0.548 ac Runoff- 0.62 C I S  0.040 a1 

CN374 Araanl.690 ac Runoff- 1.23 cfs 0.090 af 

CN-68 Areai1.669 ac Runoll; 0 5Ocfs 0.057 df 

CNr73 Area-2647ac Runoff= 1.18cfs  0.131 a1 

CN.62 Aroa=0.914 ac Runoff= 0.07 cis 0.018 sf 

C N 6 8  Area=4.135as Runofi= 1 . 0 5 ~ 1 ~  0.141 af 

C N 6 t  Aroe=5.893 LIE Runoff. 0.70cfs 0.141 af 

CNs76 Are.a-1.683sc Runolf- 1.45cfs 0.102af 

CN.61 Ama=7.&49 ac Runoff- 0.54 CIS 0.124 af 

. .  - -  
T C m I 2 . I  min CN.79 Area=l.WO DC Runoff= l.20crs 0.073af  

Subcatchment MM: open space wilh good grass Cover 
I C 4  9min CN=61 Airaa=1.94Isc Runolf=0.29cfs 0,034.1 

Subcatchment N: dired N n o n  to pond 
TC.1 Omin  CN=98 Arsa=7.818ac Runoff. 31.03ds 1.512sf 

S ~ k & c i , o w a ~ i  iiii: apdce rriiii yuuli ynd" cover 
Tc.t.4min CN-66 Are.a=1.274 ac Runoff. 0 .73c l r  0 037.f 

Subcatchment 0: open space wilh good grass cover 
Tc=l.3mtn CN=79 A.rea=1.317ac Runoff- 2.25cfr 0.096 af 

Subcatchment 00: open space wilh good grass cover 
l c .S .4  mi" CN-66 *rea-0.399 as Runoff; 0.19 cfr o.OI2 af 

Subcalchnlent P: open space with good grass cower 
lc-33.7min CN.75 Aroas5.238 ac Rundls 2.50 crs 0.297 af 

Type I /  24-hr Rainlall=2.55' 
Page 3 

1/29/2002 
Prepared by GeoSynlec Consullanls 

Subcatchment P P  open space whh good grass cover 

HydmCAO@K.OO stn 000929 Q 1986.2001 Applrod Mcrocompubr S&ns 

Tc.79.5 min CN-64 4?ea=.IO 9 t 4  ac Runoff: 3 01 cfr 0 983 af  

Subcatchment (1: O p e n  space whh good grass cover 
Ts=31 8 min CN.72 Arca~7.700 ac Runoff. 2 83 cfr 0 356 af 

Subcatchment R: open space with good grass cover 
lc.21 6 mm CN=74 Arsa=2.612ac Runoff- I 55cis 0 139al 

Subcatchment S: open space WiIh good grass cover 
Tc-27.9 min CN=78 4rea=0.402 ac Runoff; 0 2s CIS 0 027 ilr 

Subcatchment T: direct runon to pond 
Tc=l.Omin CN=98 Atad=0.416ac RunoH= I 6 S c h  OO8Oal  

Subcatchment U: open space With good grass cover 
lc=32.3 min CN=72 Area-4.144 ac Runoff. 1.54 cfr 0.192al 

Subcatchment V: direct runon IO pond 
1c.l 0 mm CN=98 A r e a 4  274 ac Runoffs 109 cfs 0053 af 

Subcatchment W: open space with good grass cover 
Tc.126 mi" CN.72 Araa=10.593 ac Runoil= 7.22 cfs 0490af 

Subcatchrnem X: open space wilh good grass cover 
lss33.4 min CN-71 Atea*11.853ac Runoff= 3 8 7 c h  0.510af 

Subcatchmenl Y: open space wnh good grass cover 
T C = ~ B . ~  mln C N ~  A ~ ~ . = s . s ~ z  ac R ~ ~ O H =  2 43 cf I  o 3-23 

Subcatchment Z: Open space wilh good grass cover 
rc.23.7 mm CNr72  Arsa=l  606 ac Rundln 0 74 CIS 0 0 7 4  af 

Infow.209clr 0 . f 6 7 a l  
Lsnglh. 420 0 Mar Val= 1.3 Ips Capacily 754 76 cfs Oulflors 1.79 cfr 0.167 af 

lrlflDw=0.516f, 0.121 af 
LangIll* 1000  Ma1Vel.2.6fps Capacly= 1.101.12cfr Oulflow=O.54 sir 0.124a1 

Inflow. 4.56 CIS 0 443 af 
Lenglh.4200 Ma.Vsl. l . 8 fps  Capacity- 1.205.98cfs OulfIow.462c1, 0 . 4 4 3 a f  

Inflow. 0.29 CIS 0 034 d l  

Lenglhr 100.0 MarVaI.2.I Ips  Cdpdcily* 1.101.12cf8 Oulfbw. 0.27 CIS 0.034 af 

Reach 1: east drainage channel 

Reach 1R: (new node) 

Reach 2: easl drainage channel 

each 2R: (new node) B 
Reach 3: easl drainage channel Inlbu. 7.06 CIS 0.715 a1 

Length*4200' Mar Vd.2.1 fos Cdpacily- f.563.67cfa Oulfbw=6.83ctr 0.715r f  

posl dev East  OSDF 
Prepared by GeoSynlec Consultants 
H I Q ~ o C A O Q ~  00 rln 000929 @ 1986.2001 :pplied Mtcmompuler Syslsms 

Reach IR: (new node) 

Type / I  2?-hr Rainfa//=2.55" 
Page 4 

112912002 

innow= 0.73 cis 0.037 
Lenglhi 1000 htaxVel~2.7rpS Capacity; I . I O I . l Z d s  Oud l~vcO.67c fs  0 0 3 7 a l  

Inflow- 8 6 7  c k  0.985 sf Reach 4 east drainage channel 
Langlh=r20a marvel= 2 .21~s  Capacity- 1.106.53 CIS ournow= 8.51 cis 0.985 .I 

Infbw 9.97 sfs 1.253 a1 
Lsnglh; 440.0  Mar Vel. 2.2 fPS Copesf ly  182.58 CIS Oulllow~ 9 82 sfr  1.253 af 

Inlhw. 11.07 cfr I 535 af 
Length. 480 0 Max Vel* 2.9 IPS CapscaF  258.21 cfs Oulflow= 10.99 cfr 1.535 af 

Infhw= 11.66 cfs 1,720 al 
Length- 143 D Max Val. 2.9 IPS Capaclly; 556 08 cis Outflow= 1 1  6 3  cfr 1.720 a1 

Inflow. 10.72cfs I913 a1 
Leng!h=200 Mar Vel= 1 . 5 1 ~ ~  cap&Clly= 1.3793OClS Oulflow= 10.71 c h  1.919af 

Inflow- 10.71 cis 1.919 a1 
Lenglh=2950 f r l l xVd l=  1.9fPS CnPacnF.lO7.65cfs Outflow. 1067cfs 1.919a1 

lnfhw. 11.44cfs 2.214 af 
Langlh=6100 Ya*'/rls l .3 fPs Capasllyr 134.00cfs Oulflou. 11.3Ocf1 2.214 af 

Inf low 1 I .a2 cfs 2.41 7 af 
Lengih=650 M a i V e f = 3 2 I p r  Capacay40861  sir Ou~flow. t t . 8 1 ~ f ~  t . 4 1 7 a f  

Reach 5: ea61 drainage channel 

Reach 6: east drainage channel 

Reach 7: runoff diversion channel 

Reach 8: runon diversion channel 

Reach 9: runoff diversion channel 

Reach 10: runon diversion channel 

Reach t 1: new CMP arch 

I n b w .  I 1  8 1 d s  2.417af 
Length= 270.0 Mar Veli2OfpS Capscl ip  I Y . 1 6 c f s  0 ~ 1 1 1 0 ~ .  1 1 . 7 7 ~ 1 ~  2 4 1 7 a l  

Idlaw. 22 39 CIS 5 420 01 
Length. 45J V l . l . I~V* ls  2.0 IPS CAPai i lP 235.94 C f I  OUfbw= 22 29 CIS 5.418 af 

Reach 12: runon diversion channel 

Reach 13: runoff diversion channel i' 

Reach 14: ea51 runon channel Inflow.0.18clr 0009nf 
Length= 420.0 Ma. Vel= 0.7 Ips Capacdp 22.78 cfs Our(low= 0 .  I I CIS 0 009 at 

Reach $5: east runon channel Inllou= I 01 cfr 0.064 af 
Lenglh= 420 0 Mar Val= 1.3 IPS Capacnr  6 1  62 cfr Ovdbw- 0.66 clr 0.064 af 

Reach 16: easl runon channel Inflow- 2.68 cfr 0.208 a1 
Lmglh= 420 0 U 4 i  Vel. I 9 IPS Capaci ty  256.58 CIS Outflow* 2.47 cfa 0.208 a1 

Reach 17: east runon channel Infbv- 1.20 c h  0.282 a1 
Lsngln= 420.0 M a r  Vel- 2.3 IPS CapaCi i r  436.18 cfs Oudlow- 3.08 cis 0.282 af 

Inflow- 5.48 cfs 0 605 af 
Length= 440 0 Max Vel* 2.6 ips CapacnF 169.20 cfs Oullhw- 5.35 CIS 0 605 ai 

Reach 18: easl runon channel 





p o s t  dev E a s t  OSDF 
Prepared by GeoSyntec Consultanls Page 9 Prepared by GeoSyntec Consullants ' ' Page IO 
~@rocAC@6 00 $1" 000929 0 1906-2001 Applad Misrocornpulol Svslerns 1/29/2002 yroCD,DS 6 00 sln 000924 B 1986-2001 Applied M~~mc~mpuler  Syrlams 1/29/2002 

Subcatchment 6: vegetated final cover  system Subcatchment  BB: o p e n  s p a c e  w i t h  gwd grass cover  

~ ~ n o H  L: I 2 5 c l s @  I 1  99 hn,  Volume= 0063al  Runoff = 1 02 CIS @ I 2  01 hrs. Volume= 0 055 a1 

Runoll by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-36.00 hn. dl= 0.05 h n  
'ype II 24-hr Rainla11=2.55' 

Area (ac) CN Description B 1.179 74 

TC Lenglh Slope Velotily Capaclly Descnption 

2.6 50 0.1800 0.3 Sheet Flow. 

3 6 450 0.0045 2.1 9.75 TrapNeelRecl Channel Flow. 

6.2 500 Total 

(min) (lee!) (full)  (Wsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60' 

BOI w=o.oo' O=I.OT z- 6.0 a 3.0 'r n= O.OM 

Subcatchment 8: vegetated f ina l  cover  system 

Hvdmoiaoh PI01 

... . . . . . .  - . 
. .  . . .  

. . .  . . . .  
. '  . . .  I .  

, - .  

. . .  I .  
9: I . '  . .  , .  . . . .  

t .  

, .  , . - . . . . . . .  - . - - - .. - - ........ 

p o s t  d e v  East OSOF 
Prepared by GeoSynlec Consullanls 

r y p  N 24-hr Rainfa//=Z 55' 
Page 11 

HvrlroCAC@6 00 %In 000929 0 1986-2001 4pplmd Ucmcompuler S ~ ~ l o m r  l/29/2002 

B 
Subcatchment C: vegetated final cover  s y s t e m  

RunoH = 3.I8cls @ 12.16 hn. Volume- 0.276al 

Rumfl by SCS TR.20 melhod. UH=SCS. Time Span= 0 00-36.00 tirr. dl- 0.05 hn 
Type II 24.hr Rainfall=2.55' 

TC Lenglh Slope Velocity Capacity Oescriphon 

6 9  90 0.0500 0.2 Sheet Flow. 

3 8  60 0.1000 0.3 Sheet Flow. 

6 4  150 0.1700 0 4  Sheel Flow. 

0.4 1700.1700 6.6 Shallow Concenrrded Flow. 

3 2 400 0.0045 2 I 10.88 TrapNeelRect Channel Flow. 

(min) (feel) (Wh) (fusec) i d s )  

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved KF 16.1 Ips 

BOI.W=O.OO' D=I.OT Z= 6.0 a 4 . 0 7  n.0.030 
20.7 870 Total 

Subcatchment C: vegetated f ina l  cover  system 

Hydrograph PI01 

Run011 by SCS TR-20 method. UH=SCS. Time Span= 0.00-36.00 hn.  dl= 0.05 hrs 
Type iI 24-hr Rainlall=2.5P 

Area (ac) CN Descriplmn . - - .  
0.761 79 4664 

Tc Lenglh Slope Velocily Capadiy Description 

6.7 110 0.0800 0.3 Sheet Flow, 

2.4 3M) 0.0040 2.5 22.78 TrapNeelRect Channel flow, 

9.1 470 Total 

(min) (feel) (Wh) (IUsec) (cfs) 

Grass: Si-mn n= 0.150 P25 2.60' 

BOLW=O.W O=I.M' Z= 3 o a 5.0 .i n= 0.030 

Subcatchment  BB: o p e n  space w i t h  good grass c o v e r  

Hydrognph Plol 

. . . . . . . . . .  _ _ _ _  _ _ _ _  . .  . .  

p o s t  dev East OSDF 
Prepared by GeoSyntec Consullanls 

Type / I  24-hr Rainfa//=2. 55" 
Page 12 

HIdroCAOQ6 00 d n  000929 0 1486-2001 Applied Mi~ro~omput~f  Syrlsrnr 1129/2002 

Subcatchment  CC: o p e n  space w i t h  good grass cover  

Ruroff = 0.18~1~ @ 11.- h n .  Volume= 0.009 af 

Runofl by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-36.00 hn. dl= 0.05 hrs 
Type II 24-hr Rainfa11=2.55' 

Area (ac) CN Descriplmn 
0.121 79 

TC Lenglh Slope Velociiy Capaclry Descnptlon 

6 7  11000800  0 3  Sheel Flow. 
(mort) (reel) (Mil) ( W s e c )  (CIS) 

Grass: Shon n= 0.150 p2= 2.60' 

Subcatchment  CC: o p e n  space w i t h  good grass covet 
Hydmgmph Plot 

O O Q 3 0 6  



post dev East OSDF 
Prepared by GeoSyntec Consullanls 
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1/29/2002 H@roCAD@6 00 s k  000929 0 1986-2001 Applied htcrocompulor Syjtsms 

Subcatchment  D O  vegetated final c o v e r  system 

R u ~ l f  = 0.47 CIS @ 12.04 hrs. Volume= 0.029 af 

Runan by SCS TR-20 method. UH=SCS. rime Span= 0.00-36.00 hn.  dl- 0.05 hrs 
Type II 24-hr Rainla11=2.55' 

p o s t  d e v  East  OSDF Type if 24-hr Rainfa//=2.55' 
prepared b y  GeoSynlec Consullanls ' Page 13 

Subcatchment D: vegetated f ina l  cover  system 

~ydroCA0Q 6.00 %In 000929 0 1984.2001 Appbed M~CrOCOrnpuIw S&ns 1/29/2002 

Runoff = 32Ocls@ 12.15 hrs. Volume= 0.272 af 

'UMH by SCS TR-20 melhod. UWSCS. Time Span= 0.00-36.00 hrs. dl= 0.05 hrs 
pe 11 24-hr Rainfa11=2.55' 

Area (ac) CN Desdplion 
5.131 74 

B Area (acl CN Descnplm A I /  A 
0.544 74 4004 

TC Lenglh Slope Velocity Capauly Oescnpilon 

9 0  230 0 1700 0 4  Sheet Flow 
(mm) (feet) (Wh) (h/sec) (CIS) 

TC Length Slope Veloclry Capacity Description 

6.9 90 0.0500 0.2 Sheet Flow, 

3 8  60 0.1000 0.3 Sheet Flow, 

6.4 I50 0.1700 0.4 Sheet Flow, 

0.4 170 0.1700 6.6 Shallow Concentrated Flow, 

1.7 250 0.0045 2.4 16.16 TfapNeelRect Channel Flow. 

0.9 150 0.0050 2.9 25.90 TrapNeelRecl Channel Flow, 

(min) (feet) (IUh) (fUsec) (cfs) 

Grass: Shon n=O.IM P2= 2.60' 

Grass: Shon n= 0.150 P2- 2.60' 

Grass: Shon n- 0.150 P2= 2.60- 

Unpaved Kv= 16.1 fps 

BoLW=O.OO 0.1.29' 2; 5.0 h 3.07 n=0.030 

BOI.W=O.W' D=1.59' 2= 4.0 h 3.0'r n= 0.030 
20.1 870 Told 

Grass: Shoi n= 0 150 P2= 2.60- 

Grass: Shon n= 0.150 P2= 2.60- 
1.9 20 0.0500 0.2 Sheel Flow. 

10.9 250 Tolal 

Subcatchment  DD: vegetated final cover s y s t e m  

Subcatchment D: vegetated final c o v e r  system 

Hydrognph P l d  

; ; : , ! . : ; :m' ; '  . .  . .  ' : "  . .  . .  

- 
post dev East OSDF 
Prepared by GeoSynlec Consultanis 

Type I/ 24.hr Rainfa//=2.55" 
Page I 5  

:ivdrCC1\1>5 R 90 S!G 500929 0 1986-2001 Apphed Microcornpuler Snlemr 1/29/2002 

Subcatchment E: vegetated final cover  system 

Runon = 3.21 CIS @ 12.15 hn.  Volume= 0.270 a i  

Type I /  24-hr Rain/a//=2.55" 
Page 16 

post d e v  East OSDF 
Prepared by GeoSyntec Consultanis 
HydmCADO6 00 rln 000929 @ 1986-2001 Applmd Microcornpuler Sfllsrnr 1/29/2002 

Subcatchment  E€: o p e n  space with good g r a s s  covw 

Rumfl = 0.63 cfs @ 12.21 hrs. Volume= 0.059 ai 

Runolf by SCS TR-20 melhod. UH-SCS. Time Span= 0.0036.00 hrs. dl- 0.05 h a  
Type II 24-hr RainfaW2 55' 

Area(ac) CN Descriollon 
0.925 77 

TC Length Slope VeloCily Capaclly Dercriplian 

RUMH by SCS TR.20 melhod. UH=SCS. Tme Span= 0.00-36 00 hn. dl= 0.05 hrs 
Type I1 24.hr Rainlal1=2.55- 

Area (ac) CN Descnption 
5.092 74 

Tc Length . Slope Velocily Capaury Description 
(min) (feel) (Nhl ( W S ~ C )  icis) 

6.9 90 0.0500 0.2 Sheet Flaw. 
(min) creel) iWh) (lusecl (cis) 

Sheet Flow, 
Grass: Shod n= 0.1% P2= 2.60- 
Shallow Concentrated Flow. 

24.8 NO 0.0233 0 2  

0.5 80 0.0230 2.4 

.~~ . .  
Grass: Si-on n= 0.150 P2= 2.60' 

Grass: Shon n- 0.150 P2= 2.60- 

Grass: SMn n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 fps 

BoI.W=O.OO 0=1.60 2; 4.0 h 3.07 n= 0.030 

3.8 60 0.1000 0.3 Sheel Flow. 

6.4 150 0.1700 0 4  Sheet Flow, 

0.4 1700.1700 6 6  Shallow Concentrated Flow. 

2.2 380 0 0050 2.9 2G 33 TrapNeelRecl Channel Flow, 

19.7 850 Total 

Subcatchment E vegetated f inal cover system 

Unpaved Kv= 16.1 Ips 

BOl.W=O.W D=4.00 Z= 3 0 7 n= 0.030 
0.1 40 0,0100 7.6 313.40 TrapNeelRecl Channel Flow, 

25.4 420 Tool 

Subcatchment  E€: o p e n  space with good grass cover 

000307 



post d e v  East OSDF 
prepared by GeoSyntec Consullanls 
~ ~ d r 0 C A 0 @ 6  W Un 000929 0 1986.2001 Applied Micmcompulor SWamr 

Type /I 24-hr Rainla//=2.5.5" 
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1/29/2002 

Subcatchment F: vegetated f inal cover system 

R"MH = 3.19cls@ 12.15 hrs. Volume= , 0.268af 

7UMH by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-36.00 hn.  dl= 0.05 hE 
'pe I I  24.hr Rainla11=2.55* 

. Atea(ac) CN Descriptim 
5.053 74 

D 
TC Lenglh Slope VeloCily Capacity Descn'plion 

6.9 90 0.0500 0.2 Sheel Flow, 

3.8 60 0.1000 03 Sheet Flow, 

6.4 150 0.1700 0.4 Sheel Flow. 

0.4 170 0.1700 6.6 Shallow Concenlraled Flow. 

2.2 390 0.0050 2.9 26.33 TraplVeelRen Channel Flow, 

(min) (leet) (Yfl) (IUseC) (CfS) 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.1% P2= 2.60' 

Grass: Shon n= 0.1% P2= 2.60- 

Unpaved Kv= 16.1 Ips 

EOI.W=O.OO' D-1.60 z- 4.0 a 3.0 'f n= 0.030 
19.7 860 TOW 

Subcatchment F vegetated final cover s y s t e m  

Prepared by GeoSyntec Consultants 
~,droCAO@6.00 $1" 000929 B 19.%-2001 Appbrd M~CrOCOrnpulor Swloms 

Page I8  
1/29/2002 

Subcatchment  F F  vegetated Rnal cover system 

Runoff = 2 02 cfs @ 12 13 hrs. Volume- 0 1 6 4  af 

Rundl by SCS TR-20 melhgd. UH=SCS. Time Span= 0.0036.W hrs. dl= 0.05 hm 
Type II 24-hr Rainfa11=2.55' 

A / /  AI 
# 

Area(ac) CN Descriplion 
3.089 74 4 00 * 

Tc Length Slope Velocity Capadly Descriplion 

6.9 90 0.0500 0.2 Sheet Flow, 

3.8 60 O . l W 0  0 3 Sheet Flow, 

6.4 150 0.1700 0.4 Sheel Flow. 

(mm) (lee!) (h/fr) (ftlsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60- 
0.5 2 1 0 0 . 1 7 W  6.6 Shallow Concenlraled Flow, 

Unpaved Kv; 16.1 Ips 
Shallow Cmcenlraled Flow, 1.0 120 0.0141 1.9 
Unpaved Kv= 16.1 Ips 

18.6 630 Tolal \ 

Subcatchment  FF: vegetated f inal cover system 

Hwdroaranh PI01 

- 
p o s t  d e v  East OSDF 
Prepared by GeoSyntec Consultants 

Type / I  24-hr Rainfa//=2.55' 
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HyjroC4016.00 Un 000929 0 1986-2001 Appliid MicroComLuIeI SKlems 1/29/2002 

Subcatchment G: vegetated final cover  system 

Runofl = 3.34 cfs @ 12.15 hrs. Volume- 0.282 a1 

RunOH by SCS TR.20 method. UH=SCS. Time Span= 0 00-36.00 hn. dl= 0.05 hrs 
Type II 24-hr Rainlall=2.55' 

Area CN Descriplion 
5309 74 

Tc Lenglh Slope Velocily Capacity Descriplion 

6.9 90 0.0500 0.2 Sheel Flow, 

3.8 60 0.1000 0.3 Sheet Flow, 

6.4 I50 0.1700 0.4 Sheet Flow, 

0.4 1700.1700 6 6  Shallow Concentrated Flow, 

2.3 410 0.00% 2.9 26.33 TrapNeelRenChannel Flow, 

19.8 880 Total 

(min) (feet) (11111) (hlsec) (ch)  

Grass: Shon n=0.1% P2= 2.60- 

Grass: Short n= 0.1% P2= 2.60' 

Grass: Shon n-0.150 P2= 2.60' 

Unpaved Kv; 16.1 Ips 

EOI.W=O.OO' D=I.~o' Z= 4.0 a 3.0T n= o 030 

Subcatchment G: vegetated final cover  s y s t e m  

Hvdroaraoh PIDL 

p o s t  d e v  E a s t  OSDF 
Prepared by GeoSyniec Consultants 
HydroCAm 6.00 %In 000929 0 1956.2001 Applied Mtcrocornpuler Sv3ldml 

Tym / I  24-hr Rainfa//=2.55' 
Page 20 

1/29/2002 

Subcatchment  GG: o p e n  space w i t h  good grass cover  

~ m o n  = 0.45 CIS @ 12.30 h n .  Volume= 0.062 a1 

Runon by SCS TR.20 melhod. UH=SCS. Time Span- 0.00-36.00 hrs. dl= 0.05 h n  
Type II 24-hr Rainfa11=2.55~ 

Area (ac) CN Descriplion 
1.975 67 

TC Lengln Slope Velmily Capauiy DeScripIion 

26.2 300 0.0200 0.2 Sheet Flow, 
(min) (fee!) (Whl (hlsec) ( c k l  

Grass: Shoo n- 0.150 P2= 2.60' 
2.1 290 002W 2 3  Shallow Concenlraled Flow, 

Unpaved KV; 16.1 Ips 
28.3 590 Total 

Subcatchment  GG: o p e n  space w i t h  good grass cover 



~ 

\Fj /Z8'2-- 
post dev East OSDF DBCz ' I 3cll 'IL Jype // 24h r  Rain/a//=Z 5 S  post  dev East OSOF 

Prepared by GeoSyntec Consultants Page 21 Prepared by GeoSyntec Consulranls Page 22 
HydroCAWP6 00 sln 000929 @ 1986-2001 Appllsd Mcrocompuler Syslems 

TyW If 24-hr Rainfa//=2 55' 

1/29/2002 112912002 HvdraCAO@6 00 sin 000929 0 1966-2001 Applied M I C ~ C O ~ ~ Y I ~ ~  Sysiamr 

Subcatchment H: vegetated final cover system 

RUWR = 2.25clse 12.14 hn. Volume' 0.185 af 

R u d l  by SCS TR.20 method. UHSCS. Time Span= 0.00-36.00 hrs. dl= 0.05 h n  
Type II 24-hr RainfaW2SS 

Area (ac) CN Desm.prion 
3.487 74 

D 
TC Length Slope Velocity Capacily Descriplion 

6.9 90 0.0500 0.2 Sheet Flow, 
Grass. Shon 

3.8 60 0.1000 0.3 Sheet Flow. 
Grass: Shan 

6.4 150 0.1700 0.4 Sheet Flow, 
Grass: Shon 

(min) (feet) (furl) (fusec) (cfs) 

n= 0 150 P2= 2.60- 

n= 0.150 P2= 2.60' 

n= 0.150 P2= 2 60' 

Subcatchment HH: open space w i th  good grass cover 

Rurmff = 0.62cfs 12.07 hn. Volume= 0.040 af 

Runoff by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-36.00 hrs. dl= 0.05 hn 
Type I1 24-hr Rainta11=2.55' 

Area (ac) CN Descriplion 

4 6 6 4  0.548 79 

TC Lensrn Sloee Vebcilv Capacity Dscriotion 
(min) ( f e e l )  (tuft) (fuse;) (CIS) 
13.2 90 0.0100 0.1 Sheel Flow, 

Grass: Shon n= 0.150 p2= 2.60- 

Bo1 W=20.00 0=2.50 Z= 30 7 n.0.030 
0.7 230 0.0045 5.1 352.87 TrapNeelRecl Channel Flow. 

13.9 320 TOUI 

pos t  dev East OSDF 
Prepared by GeoSyntec Consullants 

Type /I 24-hr Rairi/a//=2.55' 
Page 23 

FydroCADs 6 00 61" 000929 0 1966.2001 Applied t.4~crocompuIm SpIem?i 1/29/2002 

I 
Subcatchment I: open space w i th  good  grass cover 

RunoH = 1.23 CIS @ 12.10 hn. Volume- 0.090 at 

RumH by SCS TR.20 method. UH=SCS, Tme Span= 0 00-36.00 hrs. dt- 0.05 hrs 
Type II 24-hr Rainfall=2.55- 

Area (ac) CN Description 
1.690 74 

TC Lenglh Slope Velocty Capacity DeScnption 

15.4 230 0.0440 0.2 Sheet Flow. 
(mm) (feel) (fun) (fusec) (cb) 

Grass: Shon n= 0.150 P2= 2 60- 

Subcatchment I: open space wi th  good grass cover  

Hydrograph Plol 

post  dev  East OSDF 
Prepared by GeoSynlec Consullants 

Type N 24-hrRainfa//=2 5 5  
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HvdroCADB6 00 $1" 000929 @ 1966-2001 Applied M8CroCOmpuler Systems 1/29/2002 

Subcatchment II: open space w i th  good  grass cover 

RumH = 0 50 cfs @ 12 21 nrs. Volume= 0 057 a1 

Runoff by SCS TR.20 nielhod. UWSCS. Time Span= 0 00-36 00 hrs. dl- 0 05 h n  
Type ll 24-hr Ramfall=2 55' 

TC Length Slope Velocity Capacity Description 

14.9 210 0.0400 0 2  SheelFlow. 
(mm) (feel) (fun) (Wsec) (cfs) 

Grass: Shon n= 0.1 M P2z 2.60' 

Unpaved Kv- 16 1 fps 

Unpaved Kv= 16.1 Ips 

0.2 70 0.1660 6.6 Shallow Concentrated Flow. 

7.9 380 0.0025 0 8  Shallow Concentrated Flow. 

23.0 660 Total 

Subcatchment 11: open space w i th  good grass cover 
Hydrograph Plot 



p o s r  dev East OSDF 
Prepared by GeOSynlec Consullanls 
H@r.&AO(U6 00 9" 000929 0 1486-2001 Applied Micmcompuler S$sternr 

Type I/ 24-hr Rainla//=2.55' 
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1/29/2002 

Subcatchment J: o p e n  space w i t h  good grass cover  

Runoff E l . l 8 c l s @  12.27 hrs. Volume= 0.131al 

?uno11 by SCS TR.20 method. UH=SCS. Time Span= 0.00.36.00 hs.  d P  0.05 hrs 
ype I1 24-hr Ramfa11:2.55' 

Area (ac) CN Descriplion 
2.647 73 

B 
TC Lenglh Slope Velocity Capaufy Oesuiplbn 

(min) (lee!) (IVIr) (Wsec) (cfs) 
27.6 u)O 0.0176 0.2 Sheel Flow. 

Grass: Shon n- 0.150 P2= 2.60' 

Unpaved Kv= 16.1 IPS 
1.2 1500.0176 2.1 Shallow Concentrated Flow, 

28.8 450 T o l l  

Subcarchment J: o p e n  space with g o o d  grass cover  

Hydrograph Plol 

. .  : ; I  . .  . .  . i .  . .  1 

. . . . . . .  

, .  . 
. .  . .  

. . . .  . i .  

. . >  ,: . '  , 

' . : '  
, *  . .  ' 
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post d e v  East OSDF 
Prepared by GeoSynlec Consullanls 

Type / I  24-hrRainfaN=2.55 
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1/29/2002 :(@roChOB 6 00 %In 000929 0 1936.2001 Applied t4oIIcrocompulel Syslsrnr 

Subcatchrnenl K: o p e n  space with g o o d  grass covet  

Runoff = l . O 5 c l s @  12.30hrs. Volume= 0.141 a l  

Runoff by SCS TR-20 melhod. UH=SCS. Time Span- 0.00-36.00 hrs. dl= 0.05 hrs 
rype I! 24-hr Rainfaw2.55- 

Area (ac) CN Oescnpllon 
4.135 68 

TC Lenglh Slope Velocily Capaufy Desuiplion 
(min) (reel) (Wh) (Wsec)  (cfs) 
262 300 00200 0.2 Sheet Flow. 

Grass: Shon n= 0.150 P2=2.60- 

Unpaved Kv; 16.1 Ips 

Boi.w=lo.oo D=Z 00' Z= 3.0 'r n= 0.030 

1 8  250 0.0200 2.3 Shallow Concentrated Flow, 

0.8 200 0.0045 4.2 133.88 TrapNeefRecl Channel Flow. 

2a.8 750 Total 

Subcatchment K: o p e n  space w i t h  good grass c o v e r  

p o s t  d e v  East OSDF ow .\ 1 3 4  3% T y p e  /I 24-hr Rainfa//=2.55" 
Prepared by GeoSyntec Consullanls Page 26 
H@roCA0@6 00 rln 000929 0 1986.2001 Applied M~crocornpumr S-lemr 1/29/2002 

Subcatchment  JJ: o p e n  space w i t h  good grass cover  

Rumff = 0 07 CIS @ 12.58 hrs. Volume= 0 018 af 

Runall by SCS TR-20 melhod. UHZSCS. Time Span= 0 00-36 00 hrs. dlo 0 05 hrr 
Type 11 24-hr Ramfa11=2.55' 

rvpe I /  24-hr Rainla//=2.55' 
Page 28 

1/29/2002 

p o s t  d e v  East OSDF 
Prepared b y  GeoSyntec Consullanls 
H@mcAD@S.OO r/n W0929 @ 1986.2001 Apcled Microcomputer Svrlems 

Subcatchment  KK: o p e n  space w i t h  good g r a s s  cover 

Runoff = 0.70cfs@ 12.45 hrs. Volume= 0.141 af 

Runoff by SCS TR-20 metMd. UH=SCS. Time Span. 0 00-36.00 m. dl= 0.05 hrs 
Type II 24.hr Rainfa11=2.55' 

Area (ac) CN Desmplion 
5.893 64 

TC Lenglh Slope Velocily Capacily Descriplion 

22.9 300 0.0280 0.2 Sheel Flow, 
(min) (feel) (Wft) (Wsecl (cfs) 

Grass: Shon n= 0.150 P2= 2.60' 
1.3 150 0.0140 1.9 Shallow Concentrated Flow, 

0.3 1100. l660 6.6 Shallow Concentrated Flow, 

11.9 610 0.0030 0.9 Shallow Concenlrated Flow. 

Unpaved Kv= 16.1 fpr 

Unpaved K r  16.1 Ips 

Unpaved Kv= 16.1 Ips 
36.4 1.190 Tolal 

;0.1 - 0 4  

0 01s 

0 1  

0 15 

0 1  

0 1s  

0 ,  

0 os 
0 

000310 



post  d e v  East  OSDF 
Prepared by  GeoSyntec Consultants 
Hy3roCADm 6.00 sln 000929 0 1986-2001 Applied Microcomputer S p l s m r  

Type /I 24-hr Rain/a/1=2.55' 
Page 29 

I/29/200~ 

Subcatchment L open space with good grass cover  

RUMn = 1.45CfS @ 12.w hs, Volume= 0.102al 

'unofl by SCS TR-20 melhod. UH=SCS. Time Span= 0.0036.00 hn.  d F  0.05 hrs 
pe It 24.W Rainfal1-2.5S 

Area (ac) CN Descriplion 
1.683 76 

TC Lenglh Slope Velocity Capacity Desuiplion 

14.2 140 0.0200 0.2 Sheel Flow, 

D 
(min) (leetl (IUft) (Iusec) (cfs) 

Grass: SMn n= 0 . 1 9  P2= 2.60' 
1.2 290 0.0075 4.1 49 70 TrapNeelRect Channel Flow, 

~or.w=0.00' D=2.00 z= 3.07 n= 0.030 
15.4 430 Tolal 

Subcatchment L o p e n  space w i t h  g o o d  grass cover 
Hydrqlcaph Plol 

, : .  . .  : 
, '  

. .  . . .  

. .  . . ,  
. .  . .  "i" ,: 

. .  

Tim. (houri) 

post dev East  DSDF rypg I/ 24-hr Rainfa//=2.55" 
Page 31 Prepared by GeoSynlec Consullants 

HydraC4OB 6 00 Un 000929 0 1986.2001 Applied Mlcmcornpvlsr S-lsrnr 112912002 

Subcatchment M: o p e n  space w i t h  good grass cover  

RumW = 1 20 CIS Q 12.05 hn.  Volume= 0.073 a l  

Rumall by SCS TR.20 method. UH=SCS. Tome Span= 0.00-36.00 hn. dl= 0.05 hrs 
Type I1 24-hr Rainla11=2.55- 

Area (ac) CN Desm'plion 
1.000 79 

TC Lenglh Slop  Veloclty Capacity Desuiplion 

11.5 1700.0500 0.2 Sheet Flow. 

0.6 200 0.0045 5.1 352.87 TrapNeelRect Channel Flow. 

(min) (feel) (fun) (ft/sec) fclsl  

Grass: Shon n-0.150 P2= 2.60' 

~01.w=20.00' 0.2 50' Z= 3.07 n i0 .030 
12.1 370 Total 

Subcatchment M: o p e n  space with good grass cover  

Hydrograph P I I  

Prepared by GeoS).nlec Consullants ' ' Page 30 

S u b c a t c h m e n t  LL: open space w i t h  good grass c o v e r  

H@roCAO@6.00 vn 000929 0 1986-2001 Applied Microcornpuler Svslomr 1/29/2002 

Ruml l  = 0.54 CIS @ 12.36 hn. Volume= 0.124 a1 

RuMll by SCS TR-20 method. UH=SCS. Time Span= 0.00-36.00 hn. dt= 0.05 hs 
Type It 24-hr Rainla11=2.55~ 

Area (ac) CN Description 

4 6 6 4  7.049 61 

Tc Length Slope Velocily Capacity Desuiplion 
(mln) (feel) (full) (fusec) (cb) 
24.3 300 0.0240 0.2 Sheer Flow. 

Grass: Shon n=0.150 ~ 2 -  2.60' 
Shallow Concenlraled Flow. 1.3 200 0.0240 2.5 
Unpaved Kv= 16.1 Ips 

2.5 900 0.0090 5.9 160.52 TrapNeeReR Channel Flow, 
EoI.W=O.OO D=3.00' Z= 3 . 0 ~  n= 0.030 

28.1 1.400 Total 

post d e v  E a s t  O S D F  
Prepared by GeoSyntec Consultants 

Type I/ 24-hr Rainfa/l=2.55' 
Page 32 

HdroCAOB6.00 sin 000929 (D 1986-200 I Applrd Micracompuisr Splemr 1/23/2002 

Subcatchment MM: o p e n  space with good grass cover  

Runon = 0 29 cfs @ 12.07 hrs. Volume= 0 034 af 

Runofl by SCS TR-20 method. UH=SCS. Tome Span= 0.00-36.00 h n ,  dl= 0.05 h e  
Type I1 24-hr Rainlall=2.55' 

Area (ac) CN Description 
1.943 61 

Tc Length Slope Velocily Capacity Description 

6.6 100 0.07W 0.3 Sheet Flow. 

3.3 980 0.0060 4.9 200.34 TrapNeeRect Channel Flow. 

9.9 1,080 Total 

(min) (feet) (Wh) (Wsec) (ds) 

Grass: Shon n-0.150 P2=2.60' 

Bot.W=O.Oo' D=J.OO Z= 5.0 h 4.0 7 n= 0 030 

Subcatchment  MM: o p e n  space w i t h  good grass cover 

Hydrograph Plol 

000311 



post dev East OSDF 
Prepared by GeoSynlec Consultants 
H,&~CAMB 6 00 $1" 000929 0 1986.2001 Applied Microcomputer Svrlems 

Typs I /  24-hrRain/a//=2.5S 
Page 33 

1/29/2002 

Subcatchment N: direct runon to  pond 

1491 Hid: Tcs2dl may require smaller d l  

= 31.03cIs@ 11.90hrs. Volume; 1.512af 

. ~ ~ 1 1  by SCS TR-20 melhod. UH'SCS. Time Span= 0.00-36.00 hn. d P  0.05 hrs 
~ y p e  II 24-hr Rainla11=2.55' 

Area (ac) CN Descriplion 
7.818 98 

i 
Tc Lenglh Slope Velotily Capacily Desaiplion 

1 .o Dlrecl Enlry, 
(min) (leer) (fun) (IUsec) (CIS) 

Subcatchment N: direct runon to pond 
Hydrograph Plot 

" .  
o ' i  z i d  i i 7 a s i o i i , ; , i i , , , , , , ; , a , , , z , l i i i ; , i s ~ i 7 j r ) i D 3 , i 2 j , Y , s ~  

k. (houn) 

nost dev East OSDF Type I /  24-hr Rainfall-2 55' 
Page 35 

112912002 
brepared by GeoSynlec Consullants 
HdroCAObD 6 00 rln 000929 0 1986-2001 applied M8CrOCOrnpul~r Syllsmr 

Subcalchment 0: open space wi th  good grass cover  

1491 Hint: Tc<Zdl may require smaller dl 

 RUM^ = 2.25cfs @ 11 91 hn. Volume= 0.096al 

Runon by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-36.00 hn. dt= 0.05 h n  
Type II 24-hrRainfa11=2.55- 

Area (ac) CN Descriplion 
1.317 79 

TC Lengln Slope Vebury Capacity Descnplion 

1.3 230 0.0086 2.9 14.28 TrapNedReR Channel Flow, 
(min) (leet) (IUft) (IUsec) (cfs) 

BOLW=O.OO D=I.OO Z= 5 . 0 7  n= 0.030 

Subcatchment 0 open space wi th  good grass cover 

Hvdrognph Plot 

Prepared by GeoSyntec Consdlanls ' Page 34 

Subcatchment NN: open space with good grass COVN 

HydroCAObDS 00 rln000929 0 1986-2001 Applied Microcomputet Svrlams 1/29/2002 

1491 Hint: TcQdl may require smaller d l  

Rwsfl = 0.73ch@ 11.94 hrs. Volume= 0.037af 

Runoff by SCS TR-20 method. UH-SCS. Time Span= 0 00-36.00 hn. dt= 0.05 h n  
Type 11 24-hr Rainfall=2.55' 

Area (ac) CN Description 
1.274 66 4 66.4 

TC Length Slope Velocily Capauty Descriplion 

1.4 600 0.0130 7.1 192.92 TrapNeelReRChannel Flow. 
(min) (feet) (Wll) (Wsec) (CIS) 

Bol.W=O.OO 053.00' I =  3.0 'I n= 0.030 

Subcatchment NN: o p e n  space w i t h  good grass cover 

Hydrograph Plot 
.- ,- ._ - - . . . .  ...... . .  2 - . .  , . ........ . .  

.... 

... . . . . . .  

..... 

... 

nm. (ha"") 

0 .  
o I I i 4 s (I 7 d s t o t ; i z i , t * i 5 n n  I ) i l b ~ z 1 z ~ z ~ i ~ i s z ~ z ~ ~ z s ~ ~ ~ i z ~ i ~ ~ s 3 6  

post dev East OSDF 
Prepared by GeoSynlec Consultants 

T y p  / I  24-hr RamnIaN=2.55" 
Page 36 

HvdroCADbD 6 00 sin 000929 0 1386.2001 Applied Microcornpuler Sv%lerns 1/29/2002 

Subcatchment 00: open  space w i th  good grass cover 

1491 Hint: Tcc2dt may require smaller dl 

Rumn = 0.19 cls @ 1 I 99 lin. Volume' 0.012 al 

Runon by SCS TR-20 method. UH=SCS. Time Span= 0.00-36.00 hn. dl= 0.05 lin 
Type II 24-hr Rainfall=2.55' 

Area (ac) CN Descnplion 
0.399 66 

TC Lengln Slope VelOCily CaPatily DeScnplion 

5.4 120 0.1660 0.4 Sheet Flow, 
(min) (leet) (fU11) (fusecl (CIS) 

Grass S M ~  n= 0.150 PZ= 2.60' 

Subcatchment 00: open space w i th  good grass cover 
Hydrograph PI01 

rim. (h0"") 
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post  dev East OSDF 
Prepared by GeOSynleC Consu(lanls 

Type I/ 24-hr Rainfa//=2.55" 
Page 37 

HydmCAm6 00 d n  000924 1906-2001 Applod M~CrOCompuIer Syrloms 7/29/200? 

Subcatchment P: open  space w i th  good grass cover 

R ~ M ~ I  = 2.50 cfs @ 12 32 hrs. Volume- 0 297 af 

sunoff by SCS TR-20 method. UHsSCS. Time Span= 0.00.36.00 hrs. dI= 0.05 hrs 
.ype II 24.hr Rainfall-2.5Y 

Area tac) CN Description 
5.238 75 

TC Lengm Slope Velocily Capacity Desuiplion 
(min) (feet) (WH) (IVsec) (CIS) 
29.4 300 0.0150 0.2 Sheet Flow, 

Grass: Shon n= 0.150 P2= 2.60- 

Unpaved Kv= 16.1 Ips 
4.3 350 0.0070 1.3 Shallow Concentrated Flow. 

33.7 650 Total 

Subcatchment P: open space w i th  good grass cover 

- . .  'I3 . .  . . .  , 
. ,  , . .  

6.r 2 c. ..: L)W ~i L 
193 /sz- 

post  dev East OSDF ~ ~ f i  ' 1 1  C=.% r y p s  I /  24-hrRaiflfa//=2 55- 
Page 38 Prepared by GeoSyntec Consullanls 

1/29/2002 HydroCAOE) 6.00 rln 000929 0 1986-2001 *.plied Micmcomputar S p l s m r  

Subcatchment P P  open space w i th  good  grass cover 

RUMH = 3.01 CIS @ 13.15 hrs. Volume= 0.983 af 

Ruwff by SCS TR-20 rnelhod. UM=SCS. lime Span= 0.00-36.M) hn.  dl- 0.05 hrs 
Type II 24-hr Rainfall=2SY 

Area (ac) CN Oescriplion 

- 4 6 6 4  
40.964 64 

TC Length Slope Velocity Capacity Oesmplion 

204 I50 0.7660 0.1 Sheet Flow. 
(nrm) (feet) (NfI) (Wsec) (CIS) 

Grass: Shon n= 0.150 P2- 0.25' 

Grass: Shon n= 0.150 P2-2.60- 
Shallow Concentrated Flow. 
Unpaved KF 16.1 Ips 

34.5 750 0.0025 0.1 Sheet Flow, 

24.6 1.190 0.0025 0.8 

79.5 1.490 TOIA 

Subcatchment P P  open space w i th  good grass cover Hydrograph Plol 

Ll . .  

. .  
. .. . .. - .. . .. . . . . ., . .. . . 

r y p  I /  24-hr Rainlal/=2.55" 
Page 39 

post  dev East OSDF 
Prepared by GeoSynlec Consultanls 
>lydmSAD@6.00 sln 000929 0 1986-2001 Appbed Microcoinpuler Syrlsmr 1/29/2002 

Subcatchment Q: open space w i th  good grass cover 

RumH 2.89 cfs @ 12.32 hrs, Volume= 0.356 al 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.00-36.00 hrs. dl= 0.05 M 
Type I1 24-hr Rainfall-2.55' 

post dev East OSDF 
Prepared by GeoSynlec Consullanls 
H r j m C A D @ 6  00 %In 000929 0 1986-2001 Applied Microcampulsr S p l a m r  

Type I/ 24-hrRaifl/a1/=2.55" 
Page 40 

I/29/200? 

Subcatchment R open space w i th  good grass cover 

Runon = 1.55cfs @ 12.17 hn. Volume= 0.139al 

Runoff by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-36.00 hn.  dl= 0.05 hrs 
Type I I  24-hr Rainlall-2.55- 

TC Lenglh Slope VeIocm, Capacity Description 
(min) ifeel) (fvh) (Wsec)  (CIS) 
23.6 300 0.0260 0.2 Sheel Flow, 

Grass: Shon n= 0.150 P2= 2.60- 

Unpaved Kv= 16.1 Ips 
8.2 1.280 0.0260 2.6 Shallow Concenlraled Flow, 

31.8 1.580 Total 

Subcatchment Q: open  space w i th  good grass cover 

TC Lenqth Slope Velocity Capacity Desmplion 

Unpaved KF 76.7 Ips 
21.6 650 Tolal 

000313 
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post dev East OSDF 
Prepared by GeoSynlec Consultants 

Type /I 24-hr Rainfall=2.55- 
Page 4 I 

~ydroCA0Q) 6.00 SI" 000929 1986-2001 Applied M I C ~ O C O ~ P Y I ~ I  Splerns 1/29/2002 

Subcatchment S: open space with g o o d  grass cover  

Runoff = 0.28 cfs @ 12.24 hrs. Volume' 0.027 af 

7unofl by SCS TR-20 method. UH=SCS. Time Span. 0.00-36 00 hrs. dt= 0.05 h n  
ype II 24-hr Rainfa11=2.55' 

Area (ac) CN Description 
0.402 78 

Tc Lenglh Slope Velocily Capacity Descnption 

B 
(mm) (lek) (ft'h) ( fVsk,  (cfs) 
27.8 280 0.0150 0.2 Sheet Flow, 

Grass: Shon n= 0.150 P2= 2.60- 

BOI w=o 00' D=3 00' z= 3.0 'r n= o 030 
0.1 30 0.0100 6.3 169 20 TrapNeelRen Channel Flow. 

27.9 310 Told 

Subcatchment S: o p e n  space with good grass cover  

Hydrograph Plol 

. . . . . - . 

. . .  . .  

. . . . . - . 

. .. . 

p o s t  d e v  East OSDF 
Prepared by GeoSynlec Consultants 

Jype 11 24-hr Rainfall-2.55 
Page 43 

H~@dmCAD@6.00 $1" 000929 B 1986-2001 Apphed Mtcrocornpulsr S p l e r n l  1/29/2002 

Subcatchment U: open space w i t h  g o o d  grass cover  

Runall = 1.54cfs@ 12.32hrs. Volume= 0 192af 

Runoff by SCS TR-20 memod. UH=SCS. Time Span- 0 00-36.00 his. dt= 0.05 hrs 
Type II 24.k Rainfall=2.55' 

Area (ac) CN OescIiption 
4.149 72 

Tc Length Slope Velocity Capacity Descriplion 

30.2 300 0.0140 0.2 Sheet Flow, 
(min) (feel) (WH) (IVsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 
2.1 240 0.0140 1.9 Shallow Concentrated Flow. 

32.3 410 Total 

Subcatchment U: open space with g o o d  grass cover 

Hvdrorrraoh Plot 

Prepared by GeoSyntec Consultants Page 42 
H@mCAD@ 6.00 sln 000929 0 1986.2001 Applled Microcornpuler S p l e m S  1/29/2002 

Subcatchment  T: direct runon to pond 

(491 Hint: Tcc2dt may require smaller dl 

 RUM^ = 1.65 cfs @ 11.90 hrs. Volume= 0.080 af 

Runoff by SCS TR-20 rnelhod. UH=SCS. Time Span= 0.00-36.00 hrs. at= 0.05 hrs 
Type II 24-hr Rainfall-2.55- 

Area (ac) CN Description A B /  A 
0.416 98 v 04 

TC Length Slope Velocily Capacity Descriplion 

1.0 Diren Entry. 
(min) (lest) (fUf1) (Wsec) (CIS) 

Subcatchment  T d i rect  r u n o n  to pond 

p o s t  d e v  East  OSDF 
Prepared by GeoSynlec Consullanls 

rype I /  24-hr RainlaN-2.55' 
Page 44 

H\droCAOaD 6 00 s1n 000929 0 1986-2001 Appl8Cd Microcornpuler Setam$ 1/29/2002 

Subcatchment  V: direct runon t o  pond 

[491 Hint. Tcc2dt may require smaller dt 

Runoff = 1.09 CIS @ 11.90 hrs. Volume= 0.053 af 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.00-36.00 hrs, dt= 0 05 hrs 
Type II 24-hr Rainfall=Z.SS 

Area (ac) CN Descriplion 
0.274 98 

TC Length Slope Velocily Capauty DesCription 

1 .o Direct Entry. 
(min) (feet) (Wh) (Wsec) (cfsl 

Subcatchment  V direct runon to pond 

000314 



& p  3 c d 4 r J ~ t  
\C\S/&L 

Type I/ 24-hr Rain/aQ=2.55' p o s t  d e v  East OSDF 'fi? 1 ' "L. Typ.3 /I 24-hr Rain/a//=2.55' post d e v  East OSOF 
Prepared by GeOSynteC Consullanls Page 45 Prepared by GeoSyntec Consullanls Page 46 

1/29/2002 HldroCAD@6.W'aln 000929 0 1986-2001 Appbed Micmcompuler Syrlsrns 1/29/2002 HydroCAO@6.00 rln000929 0 1986.2001 Applied M ~ c r ~ ~ ~ r n p u l e r  S-lemr 

Subcatchment  X open space with g o o d  g r a s s  cover  Subcatchment  W open s p a c e  w i t h  good grass cover  

Rumfl = 7 22 CIS @1 12.06 hrs. Volume= 0.490 a1 R m f f  = 3.87cfs@ 12.34 hn. Volume= 0.510al 

1umn by SCS TR-20 meltma. UH=SCS. Time Span= 0.00-36 00 hrs. dl= 0.05 hrs Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.0036.00 hrs. dl= 0.05 hrs 
Type II 24-M Rainla11=2.55' rpe II 24-hr Rainfa11=2.55' 

Area (ac) CN Desuiplmn Area (ac) CN Description 

4 6 6 4  - (0.593 72 11.853 71 

TC Lenglh Sbpe Velocily Capauty DeSUipfion Tc Lenglh Slope Velocily Capacity Descriplion 
(min) (feet) (Wfl) (Wsec) (cfsl (min) (feel) (Wh) (Wsec) (CIS) 

26.7 ZOO 0.0190 0.2 Sheel Flow, 10.9 300 0.1780 0.5 Sheel Flow. 
Grass: Shon n= 0.150 P25 2.60' 

Unpavea Kv= 16.1 Ips 

Bol.W=O.OO D=2.00 Z= 3 0 ' f  n= 0 030 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved KF 16.1 Ips 

8ol.W=0.00 D=3 0 0  Z= 3 0 7 n= 0.030 

1.0 400 0.1780 6.8 Shallow Concentrated Flow. 5.5 730 0.0190 2.2 Shallow Concenlraled Flow. 

0.7 270 0.01 I 4  6.7 (80.66 TrapNeelRect Channel Flow, 1.2 330 0.0100 4.8 57.39 TrapNeelReR Channel Flow, 

12.6 970 T O W  33.4 1.360 Total 

Subcatchment W o p e n  s p a c e  with good grass cover 
Hydrognph Plot 

Type I /  24-hr Rainla//=2 55' p o s t  d e v  East OSDF 
Prepared by GeoSynrec Consultants 
H,ximCADBB 00 tln 000929 0 1986-2001 Appltdd FArcrocomputar S y l s n m  

Page 41 
1/29/2002 

D 
Subcatchment Y: o p e n  space with good grass c o v e r  

RUMH = 2.43 cfs @ 12.38 hrs. Volume- 0 323 af 

RlmoH by SCS TR-20 meltad. UH=SCS. Tinie Span= 0.00.36.00 hrs. ai= 0.05 hrs 
Type II 24-hr Rainlall=Z.55- 

Area (ac) CN Description 
6.522 13 

TC Length Slope Vetomy Capacity Description 
(min) (feel) (MI) (fvsecl (CIS) 
31.1 300 0.0130 0 2  Sheel Flow. 

Grass: ShOn n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 fps 

BOI.W=O.OO' ~ s 2 . 0 0  z= 5.0 a 4.0 'r n= o 030 

4.6 510 0.0130 1.8 Shallow Concentrated Flow. 

1.1 240 0.01 10 5.1 92.00 TrapNeelRect Channel Flow. 

36.8 1.150 Total 

Subcatchment  Y: o p e n  space with good grass c o v e r  

Subcatchment  X o p e n  space w i t h  g o o d  g r a s s  cover  

Hydragraph Plo( 

post  d e v  East OSDF 
Prepared by GeoSyntec Consullanls 
HydroCAD%BOO .In 000929 0 1486-2001 A p p l r d  h!crocnrnpulsr Svrlems 

Type I /  24-hr Raida//=2.55" 
Page 48 

1/29/2002 

Subcatchment  2: o p e n  space w i t h  good g r a s s  cover 

Runoff = 0.74 CIS @ 12.21 hrs. Volume= 0.074 a1 

RunOlf by SCS TR-20 rnelhod. UH=SCS. rime Span= 0.00-36.00 hn. dlz 0 05 hn 
Type II 24-hr Rainfall=2SS 

Area (ac) CN Descnplion 
1.606 72 

TC Lenglh Slope Velocity Capacity Descnplion 
(min) (feel) (WII) (Wsec)  (clsl 
22.0 300 00310 0.2 Sheel Flow. 

Grass: Shon n= 0.150 P2= 2.60' 

unpaved KV= 16.1 IPS 

BOI.W=O.W 0=2.00 Z= 5 0 h 4.0'1' n= 0 OM 

Shallow Concentrated Flow. 1.5 250 0.0310 2.8 

0.2 50 0.0070 4.1 13 39 TrapNeelRect Channel Flow. 

23.7 600 Total 

Subcatchment  Z: o p e n  space with good g r a s s  cover  

Hydrogmph PIM 



p o s t  d e v  East  OSDF Type /I 24-hr Rainfa//=2.55' 
Prepared by GeoSynlec Consultants Page 49 
HldroCAD@6.00 $1" 000929 1986.2001 AppIkd Microcornpuler Systems 1/29/2002 

Reach 1: east  dra inage c h a n n e l  
. .  

1651 Wam'ng: Inlet elevalion MI specified 

flow = 2.09 cis @ 12.02 hrs. Volume= 0.167 a i  
imow = 1.79 cfs @ 12.20 hrs. Volume; 0.167 af. Anen= 14%. Lag= 10.6 min 

Routing by Stor-lnd+Trans melhod. Time Span= 0.00.36.00 hrs. dt= 0 05 hrs 
MaK. Velociy- 1.3 Ips. Min. Travel Time= 5.2 min 
Avg. Velocity = 0.6 Ips. Avg. Travel Time= 11.6 min 

Peak Deplh- 0.52' 
Capadly ai bank full= 754.76 cfs 
0.00' x 5.00 deep channel. n= 0.030 Lenglh= 420.0 Slope= 0.0045 7 
Side SlopeZ-va!ue= 6.0 4.07 

B 

Reach 1: east dra inage c h a n n e l  

p o s t  dev East OSDF 
Prepared b y  GeoSynlec Consultants 
HidmCAm6 00 sln 000929 @ 1986-2001 Applied Micmconipulsr Syrlams 

Reach 2: east dra inage c h a n n e l  

T y p  / I  24-hr Rainfa//=2.55" 
Page 51 

1/29/2002 

(651 Warning: Inlet elevation MI specified 

Inflow = 4.96 cfs @ 12 17 hm. Volume= 0.443 af 
Our(l0w = 4 62 cfs @ 12.30 hrs. Volume= 0.443 af. Anen= 7%. Lag- 7.5 min 

Routing by Stor-lnd*Trans melhod. Time Span= 0.00-36.00 hn. dl= 0.05 hn 
Max.  Velocity= 1.8 IPS. Mm. Travel Time= 3.9 min 
Avg. Velocity = 0.8 fps. Avg. Travel l ime- 8.9 min 

Peak Depth= 0 81' 
Capaclly at bank full= 1205.98 cfs 
0.w' I 6.50 deep channel, n= 0.030 Lenglh= 420.0 Slope- 0.0045 ' I  
Side Slope 2-value= 1.0 5 0 'f 

Reach 2 east dra inage c h a n n e l  

Hvdroansh PI01 

post dev Easr OSDF 
Prepared by GeoSynrec Consultanls Page M 
H#roCAD@6 00 SI" 000929 0 1986.2001 Applihd Misrocompuler Sysiomr 1/29/2002 

Reach 1R: (new n o d e )  

[521 Hint: Inlet conditions mI evaluated 
I651 Warning: lnlel elevation ml Speufied 

Inflow = 0.54cis@ 12.36 hn. Volume= 0.124af 
Oumow = 0.54 cfs @ 12.38 hn. Volume= 0.124 af. Anen= 1%. Lag= 1.2 min 

Routing by Slor-lnd*TranS meihod. Time Span= 0.00-36.00 hrs. dl= 0.05 hrs 
Mar. Velocity= 2.6 Ips. Min. Travel Time=0.6 min 
Avg. VeloCily = 1.8 fps. A q .  Travel Time= 0.9 min 

Peak Deplh; 0.10 
Capacilyal bank full= 1,101.12 CIS 
A factor of 2.00 has been applied IO me supplied storage and discharge dara 
72.0' Diameler Pipe n= 0,010 Length; 100.0 Stope; 0.0100 7 

Reach 1R: (new node)  

- $ 6 6 4  
, 

Hydrograph Plol 
. . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . .  

. .  I '  : .  
..... ; 1 . .  . . . . . . . .  :- . .  

. .  .... 

p o s t  d e v  East OSDF 
Prepared by GeoSynrec Consultanls 
HydroCADQ6 00 sln 000529 0 1986-2001 Applied Microcomputer Systems 

Type / I  24-hr Rainfa//=2.55" 
Page 52 

1/29/2002 

Reach 2R: (new n o d e )  

[521 Hint: Inlet wndilions MI evalualed 
1651 Wanting: Inlel elevalion no1 specified 

lnllow = 0.29 cfs @ 12 07 hrs. Volume= 0.054 a1 
Oumow = 0 27 cfs @ 12.10 hrs. Volume= 0.034 af. Anen= 5%. ~ a g =  1.8 mm 

Routing by Slor-IndtTrans melhod. Time Span= 0 00-36.00 hrs. dl= 0.05 hrs 
hrax. Velocity= 2.1 Ips. hhn. Travel Time= 0.8 min 
Avg. Velocity = 1.7 fps. Avg. Travel Time= 1.0 min 

Peak Depth= 0.01' 
Capacity a! Dank full=, 1.10 1.12 cfs 
A factor of 2.00 has wm applied lo the supplied storage and discharge data 
72.0'Diameler Pipe n= 0.010 Lengm= 100.0 Slope= 0.0100 'r 

Reach 2R: (new node)  

Hydrograph Plot 

nm. (ho-) 

000316 



Type I /  24-hr Rainfa//=2.55" ' p o s t  dev East  OSDF DB M j f 321 c~ rvps // 24-hr Rainfa//=Z.55- 
Page 54 

1/29/2002 

post dev East OSDF 
prepared by GeoSynlec COnSultanlS Page 53 Prepared by GeoSyitec Consullanls 
~@mCAOb)6.00 I/" 000929 0 1986-2001 Applaod Microcomputer S'w¶lsmr 1/29/2002 HydroCAOb) 5.00 SI" 000929 0 1986-2001 Applied Mbcrocompulsr S o l e m s  

Reach 3: east  drainage channel R e a c h  3R: (new node) 

(651 warning: Inlet elevalion rml speoned 

inflow = 7 . 0 6 ~ 1 ~  @ (2.25 hn. Volume= 0.715 af 
,urnow = 6.83 CIS @ 12.35 hn. Volume- 0.715 af. Anen-; 3%. Lag= 6.1 min 

 outing by Stor-lnd+Trans melt?&. Time Span= 0.00.36 00 hrs. dl= 0.05 ho 
Mar. Velmirv; 2.1 fps. Min. Trave! Time= 3.3 min 
Avg. Velociry = 0.9 Ips. Avg. Travel Time= T.5 min 

B 
Peak Depth= 0.97' 
Capacity a! bank full- 1.563.67 CfS 
0.00 x 7.40 deepchannel. nn0.030 Length= 420.0 Slope= 0.00507 
Side slope 2-value; 3.0 4.07 

Reach 3: east  dra inage channel  

f 
D 

p o s t  dev East OSDF 
Prepared by GeoSynlec Consullanls 

rvpe / I  24-hr Rain/a//=2.55" 
Page 55 

H~roCAOb6.00 .In 000929 0 1986-2001 Applied hliCroCompUtSr Syrlems 1/29/2002 

Reach 4 east  dra inage channel  

[65] Warning: Inlet elevation MI specified 

Inflow = 8.67 CIS @ 12 31 hrs. Volume= 0 985 af 
Oumow = 8.51 CIS@ 12.41 hn, Volume- 0.985 al. Anen= 2%. Lag= 5.7 mm 

Rouling by Sur-lnd+Trans method. Time Span= 0.00-36.00 hn. dt= 0.05 hn 
M a .  Velocirv; 2.2 Ips. Min. Trave! Time= 3 2  min 
Avg. Velocily = 1.0 Ips. Avg. Travel Time= 7.2 min 

Peak DepW= 1.05' 
Capacity at bank full= 1.106.53 cfs 
0.00' I 6.50 deep charnel. n= 0.030 Length= 420.0 Slope= 0.0050 'I 
s d e  Slope ,?-value= 3.0 4 .07  

Reach 4 east  dra inage channel  

Hvdroomoh PI01 

152) Hint Inlet condilions MI evaluated 
[65) Warning: Intel elevation rot  speufied 4 6 6 4  
Inflow = 0.73 CIS @ 11.94 hn. Volume= 0.037 af 
OuHlow = 0.67 CIS @ 11.95 hn. Volume= 0.037 al. Anen= 7%. Lag= 0.9 min 

Routing by Sur-IndtTrans rnelhod. Time Span= 0.00-36.00 hn.  dl= 0.05 hn 
Max. Velocitv; 2.7 Ips. Min. Travel Time- 0.6 min 
A v q  VeloCify = 1.7 Ips. A v g .  Travel Time; 1.0 min 

Peak Deplh= 0.12' 
Capacttyal bank full= l.lOl.12CfS 
A fanor 01 2.00 has been applied 10 the supplied slorage and discharge data 
72.o'Diameler Pipe n= 0.010 Length' 100.0 Slope- 0.01OO'r 

R e a c h  3R: (new node) 

01 

0 7: 

0 ,  

0 I! 

O <  

0 5: 

0 1  

0 25 

0 1  

0 I 5  
0 0  

0 01 

I 

post dev East  OSDF 
Prepared by GeoSynlec Consullanls 
HydroCAOBI 6 00 sln 000929 0 1986-2001 Appl,sd Mccrocompuler Solams 

rype /I 24-hr Rain/a//=2.55 
Page 56 

l / 2 9 / 2 0 a  

R e a c h  5: east dra inage channel 

1.55) warning: Inlet elevalion rwl specified 

Inflow = 9 97 cfs Q 12.38 hrs. Volume= 1.253 af 
OuHlow = 9.82 CIS @ 12.48 hrs. Volume= 1.253 ai. Anen= 2%. Lag= 5.9 min 

Routing by Stor-IndtTrans method. Time Span= 0.00-36.00 hn.  dl= 0.05 hrs 
Mar. Velx iv-  2.2 Ips. Min. Travel Time= 3.4 min 
Avg VelOcily = 0.9 Ips. Avg. Travel Time= 8.1 min 

Peak DepW 1.00 
Capacily at bank full; 182 59 CIS 
0.00' 1: 3 0 0  deep channel. n= 0.030 Length. 440.0  Slope- 0.0050 'r 
Side Slope 2-value- 3.0 6.0 'f 

R e a c h  5: east dra inage channel  



9 . .  

8 

7. 
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, 
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post dev East OSDF 
Prepared by GeoSynlec Consullanls 

Type I /  24-hr Rarnfa//=2.55" 
Page 59 

>ly$.0'4D@S 00 sln 000924 0 1986-2001 4ppltad hticrocompulor Syrtams 1/29/2002 

B 
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Reach 8: r u n o f f  d i v e r s i o n  channel  

[65] Warning: lnlel elevalion m1 Specified 

lnllow = 10.72~1s @ 12.69 hrs. Volume' 1.919 a l  
Oumow = 10.71 CIS @ 12.69 nrs. Volume= 1 919 al. Anen= O X .  Lag= 0 3 min 

Routing by Slor-lnd+Trans method. Time Span= 0.00-36.00 hn. dl= 0 05 hr5 
hlax. Velociry. 1.5 Ips. Min. Travel Time= 0.2 min 
Avg. Velocity = 0.5 ips. Avg Travel Time'O 6 min 

PeahOepIh=O.33 
Capaciv at bank full= I ,379.30 CIS 
A lactor 01 2.00 has been applied 10 Ihe supplied slorage arid dwharge dala 
10.00 x 4.50 deepchannel. n=0.030 Lenglh= 2 0 0  Slope= 0.00457 
Side Slope Z-value= 3 . O T  

Reach 8: r u n o f f  diversion channel 
Hvdramaoh Plot 

Prepared b y  GeoSplec Consultants Page 58 
H)droCADQ)6 00 rln 000929 0 1985.2001 AppMd Micmcompuler Svrlsmr 1/29/2002 

Reach 7: runoff d ivers ion channel 

(651 Warning; lnler elevalion ml specified 

Inflow = I 1.66 CIS @ 12.51 hn.  Volume= 1.720 a l  
Ournow = 11.63 CIS @ 12.54 nn. Volume- 1.720 al. Allen= O X .  Lag= 1.4 min 

Routing by Slor-lnd+Trans melhod. Time Span= 0.00-36.00 hn.  dl= 0.05 h n  
Max. Velocily= 2.9 Ips. Min. Travd Time= 0.8 min 
Avg. Velocity = 1.1 Ips. A q ,  Travel Time= 1 9 min 

Peak Depth= 0.94' 
Capacity ai bank full= 556.08 ck 
0.00 I 4.00' deep channel. n= 0.030 Length; 140.0 Slope= 0.01W 7 
Side Slope .?-value= 3.0 6.0 7 

4 6 6 4  

post d e v  East OSOF 
Prepared by GeoSyntec Consullanls 

Type I /  24-hr Rainfa//=Z.SS 
Page 60 

H @ r o C 4 m 6  00 s h  000929 0 1985-2001 Applied U~Cr0comr)ulm S m s m s  1/29/2002 

Reach 9: runoff d ivers ion c h a n n e l  

[651 warning; Inlet elevalion MI speulied 

Inflow = 10.71 cfs @ 12 69 hrs. Volume= 1.919 a1 
Oumow = 10.67 cfs @ 12.77 hrs. Volume= 1.919 af. Anen= 0%. Lag= 4.4 min 

Routing by Smr-IndtTrans melhod. Time Span= 0.00-36.00 hn.  dl- 0.05 hrs 
Max. Veloc ip  1.9 fps. Min. Travd Time= 2.6 min 
Avg. Velocity = 0.6 Ips. A q .  Travel Time= 8.8 min 

Peak Depth= 0.49 
Capacity at bank full= 407.65 ds 
10.00 x 3.50' deep channel. n= 0.030 Length; 295 0' Slope= 0.0045 'I 
Side Slope Z-due-  3.0 'r 

Reach 9: runoff d ivers ion channel  

Hvdrosraph PI01 

000318 



p o s t  d e v  Easl OSDF 
Prepared by GeoSynlec Consullanls 

rypa I /  24-hr Rainfa//=2.55' 
Page 61 

H@roCADIB6 00 sin 000929 0 1986.2001 Applltld M I C ~ O C O ~ ~ Y I O ~  Svrloms 1/29/2002 

Reach 10: r u n o f f  d ivers ion channel 

(651 Warning: lnlel elevation MI specified 

"Mow I 11 44 CIS @ 12.76 hrs. Volume= 2.214 a1 
M o w  = 11.30 CIS @ 12.91 hrs. Volume; 2.214 al. Anen= 1%. Lag= 8.8 min 

.ouling by Slor-lnd+Trans method. Time Span= 0.00-35.00 hrs. dl- 0.05 &s 
Max. Velocity= 1.9 Ips. Min. Travel Time= 5.3 rnin 
Avg. Velocty 5 0.5 Ips. Avg. Travel Tune= 19.4 min 

Peak Deprh= 0.51' 
Capaoly at bank lull= 134 00 CIS 
1O.W x 2.00 deep channel. n= 0.030 Length= 610.0' Slope= 0.00457 
Side Slope 2-value; 3 0 'f 

B 

Reach 10: r u n o f f  d ivers ion channel 
Hydrograph PI01 

. .  
, . .  
: ! . 

. .  ' , . , . .  , . ~ .  . . ,  - 

-__ . ~ .  . . ...... ~.." _.., 

post dev East OSDF Typa /I 24-hr Rainfa//=2.55" 
Prepared by GeoSynlec Consultants 
HvdmCA0@6 00 rln 000929 @ 15E6.2001 Apploed Ma~ro~ornpvldr Syrlami 

Page 63 
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B 
Reach 12: r u n o f f  d ivers ion c h a n n e l  

1651 Wam'ng: lnlel elevabon no1 speoldcd 

Inflow = 11.81 CIS @ 12.91 hrs. Volunle= 2.417 a1 
Outflow = 1 I .77 c b  @ 12 97 hrs. volume= 2.417 al. Anen= 0%. Lag= 3.8 min 

Roulirq by Slor4nd+Trans rnelhod. Tame Span= 0.00.36.00 hm. dl- 0.05 hrs 
Max. VelOciF 2.0 Ips. Mln. Travel Time= 2.3 mm 
Avg. Velocity = 0 5 Ips. Avg. Travel Time= 8.3 min 

Peak Deplh= 0.5Z 
Capacilyal bank lull= 134 16 CIS 
10.00 x 2.00 deep channel. n=  0.030 Lengm= 270.0 Slope= 0.0045 T 
Side SMpe Z-value= 3.0 7 

Reach 12: r u n o f f  d ivers ion channel 
Hydrograph PI01 

: , . - - - - . . . . . ., 

rim. (houn) 

p o s t  d e v  East OSDF QW I 3 ~ ( ~ a  rvpe //24-hrRainlal/=Z.55' 
Prepared by GeoSyntec Consultanls Page 62 
H@roCADb)600 sin OQ0929 0 1986-2001 Applied Mioocompvisr Sy.lams 1/29/2002 

Reach 11: new CMP a r c h  

(521 Hinl: Inlet wnditions MI evaluated 
1651 Warning: Inlet elevation ml specified 

Inflow = 11.82 CIS @ 12.90 his. Volume' 2 417 a1 
Outllow = 11.81 CIS @ 12.91 hrs. Volume- 2.417 af. Anen= O X .  Lag.0.6 rnm 

Routing by Slor-lnd+Trans melhod. Time Span= 0.00-36.00 hrs. di= 0.05 hn 
Max. VelociIp 3.2 Ips. Min. Travel Time= 0.3 min 
Avg. Velocity 1.1 Ips. AT. Travel Time= 1.0 min 

Peak oepm= 0.70 
Caoaciiv a! bank lull= 408.61 cfs 
A lacIOrbl2 00 has been applied Io me suppbed slorage and discharge dala 
72 0- Diameter Ptpe n= 0 018 Lenglh= 65 0 Slope= 0 0045 r 

post d e v  E a s t  OSOF 
Prepared b y  GeoSynlec Consullanls 

Type // 24-hrRainfa//=2.55' 
Page 6.1 

HldmCAD~6.00 rln 000929 0 1986-2001 Applied Mi~r~compul~r  Splemr 1/29/2002 

Reach 13: runoff diversion channel 

[65] Warning: lnlel elevation no1 specified 

Inflow = 22.39 CIS @ 12.94 hrs. Volume= 5.420 a1 
Oufflow = 22.29 CIS @ 13.04 hS. Volume' 5.418 af. Anen= OX. Lag= 6.1 rnin 

Roulirq by Slor.lnd+Trans mellwd. Time Span= 0.00-36.00 hrs. dl= 0.05 hrs 
Max. Velociy- 2.0 Ips. Min. Travel Time= 3.7 min 
Avg. Velocity = 0.6 Ips. Avg Travel Time= 12.9 min 

Peak Deplhn 0.51' 
Capacity at bank lull- 235.94 CIS 
20.00' x 2.00 deep channel, n= 0.030 LengUi= 450 0' Slope= 0,0045 'I 
Side Slope ,?-value= 3.07 

Reach 13: runoff d ivers ion channel 
Hydrograph Pl01 



post d e v  E a s t  OSDF rvpe N 24-hr Rainfal/=2.5F 
' Prepared b y  GeoSynlec Consullanls Page 65 

1/29/2002 ~ y d r o C A D b 6  00 s k  000929 a! 1986-2001 Applied Microcomputer Syrtsms 

R e a c h  14: east  runon channel 

[651 Warning: Inlet elevalion mal specified 

',now = O.l8cls@ 11.99 hrs. Volume= 0.009al 
,mow = 0.1 1 cfs @ 12.24 hn. Volume- 0.009 af. Anen= 38%. Lag= 15.3 mln 

.<ouling by Slor-lnd+Trans mellod. Time Span= 0.00-36.00 hrs. dl- 0.05 hrs 
MI* Velnciw 0 7 10s. Min. Travel Time= 10.4 min 

B 
. . . 

~ v g .  veto"{ = 0.3 ips. ~ v g .  Travel Time= 25.8 min 

Peak Deplh- 0.21' 
Capacity a1 bank lull= 22 78 CIS 
0.00 x 1 .50 deeD channel. n= 0.030 Length= 420.0 Slow= 0.0040 7 

'ild..:'' 5 :i.a.v u - 
3- / 2 B 2  

post dev East OSDF 
Prepared by GeoSynlec COnSullanlS 
H@raCALXD 6 00 d n  000929 0 1986.2001 Appliid uicrocompular Syrloms 

91% '1 ~ c ~ c ~ A  Type /I 24-hr Rainfaall-2.55" 
Page 66 

1/29/2002 

Reach 15: east  runon c h a n n e l  

(651 Wamlng: Inlet elevalion MI specified 

lnllow = 1.04 cfs @ 12.01 hrs. Volume= 0.064 ar 
O u ~ l o w  = 0.86cfs @ 12.16 hn.  Volume= 0.064 af. Anen= 17%. Lag= 8.9 min 

Rouling by Stor-lnd+Trans melhcd. Time Span- 0.00-36.00 hrs, dl- 0.05 hn 
Mar. Velocity 1.3 Ips. Min. Travel Time= 5.3 min 
Avg. Velooly = 0.5 Ips. Avg. Travel Time= 14.0 min 

Peak DepLh= 0.41' 
Capacity a1 bank full= 61 62 ds 
0.00 x 2.00 deeo channel. n- 0.030 Lewlh= 420.0 SloDe= 0.0063 .r 

4 6 6 4  
sde Slope Z-value= 3 0 5 0 'I' slde slope Z-vaue- 3 o 5 o 'r 

Reach 14: east  runon channel  

Hydrograph Plol 

nm. (hDYR) 

Type /I 24-hr Rainfaalal=Z.W 
Page 67 Prepared by GeoSplec Consullanls 

HMroCADCB 6 00 s b  000919 0 1986.2001 Appllad Microcomputer Splamr  112912002 

R e a c h  16: east  runon channel 

[65) Warning: Inlel elevaloon MI Specified 

Inflow = 2 68cfs Q 12 13 hrs. Volume- 0.208 a1 
Outflow = 2.47 cfs Q 12.24 hrs. Volume= 0.208 al. Anen= 8%. Lag= 6.8 min 

Rouling by Slor-lnd+Trans melhod. Time Span: 0.00-36.00 hn.  dl= 0.05 hn 
Max. Veiocily- 1.9 fps. Min. Travel Tome= 3.8 min 
Avg. Velocity = 0.7 fps. Avg.  Travel Time= 9.7 min 

Peak Depth= 0.60' 
Capauiy ai bank full= 256.58 CIS 
0.00' a 3.40 deep channel, n=  0.030 Lenglh= 420 0 Slope- 0.0074 'r 
Side Slope 2-value= 2.5 5.0 T 

' ,  

. .  
! ' .  . .  
- ., . .. .. . . .. 

I3 . .  , .  

. .  . 

. .  

. .  

Reach 15: east  runon c h a n n e l  

Hydroqraph Plol 

post d e v  East OSDF 
Prepared by GeoSynlec Consullanls 

Type // 24-hrRainfaalal=2.55' 
Page 58 

HydmCAD06.00 $In 000929 a! 1986-2001 Applibd Microcompular Sy%loms 1/29/2002 

Reach 17: east runon c h a n n e l  

[65] Warning: lnlel elevation MI specified 

Inflow = 3.20clsQ 1224 hrs. Volume- 0.282 af 
Oumow = 3.08cfs Q 12.33 hrs. Volume; 0.282 a/, Anen= 4*h. Lag= 5.5 min 

Rouling by Slor.lnd+Trans melhod. Time Span= 0.00-36.00 hrs. dt= 0.05 hrs 
Max.  Velocihl; 2.3 alps. Min. Travel Time- 3.1 min 
Avg. Velocify I 0.9 Ips. Avg. Travel Time= 7.6 min 

Peak Depth= 0.55' 
Capacily a1 bank lull= 436 18 cls 
0.00 I 3.50 deep channel, n= 0.030 Length= 420.0 Slope= 0.0125 'r 
Side Slope 2-value= 4.0 5.0 'I' 

Reach 17: east runon channel  

080320 



post dev East  OSDF 
Prepared b y  GeoSynlec Consullants 

Type N 24.hrRainfa//=2.55" 
Page 69 

HydroCADB 6 00 SI" 000929 B 1986.2001 Applied Micmcqmpulor Svrtsrns 1/29/2002 

Reach 18: e a s l r u n o n  channel  

169 Warning: Inlet elevation MI specified 

'nnow = 5.48cIs@ 12.41 hrs. Volume= O.605al 
udlow = 5.35 CIS @ 12.43 hn.  Volume= 0.605 af. Anen= 2%. Lag= 5.0 min 

Rouling by Slor-lnd+Trans meltmd. Time Span- 0.00-36.00 hrs. dl= 0.05 hn 
Max. VebcirF 2.6 Ips. Min. Travel Time= 2.8 min 
Avg. Velocity = 1.1 IPS. A q .  Travel Time= 6.9 min 

Peak Depth' 0.82' 
Capacily ai bank full= 169.20 CIS 
0.w I 3.00 deep channel. n= 0.030 Length- 440.0 Slope- O.OIOO 'r 
Side Slope 2-value' 3.0.f 

Reach 18: east  runon channel  

\ 

post dev East OSDF 
Prepared by GeoSyntec Consullanls 
H~~C~..rcc.'.r.86 00 s l ln  000929 0 1986-2001 Applied Miciosompulor S p l e m r  

Type /I 24-hr RainlaB=2.55- 
Page 71 

1/29/2002 

B 
Reach 20: east  runon channel  

[GSl Warning: lnlel elevation MI Speulied 

InllOw = 10.07 cfs @ 12.52 hn.  Volume= I 605 af 
Ounlow = 10.03 CIS @ 12.53 hn. volume= 1.605 al. Anen= 0%. Lag- 0.8 min 

Routing by Sior-lnd+Trans melhod. Time Span= 0.00-36.00 hrs. d C  0.05 hrs 
Mar. VelOcity= 2.9 Ips. Min. Travd Time= 0.4 min 
Avg. VelOCltv = 1.2 Ips. A q .  Travd Tme= 1.0 min 

Peak Deph: I OB' 
Capauo, at bank luu- 153 84 cfs 
0 0 0  x 3 0 0  deep channel. n= 0 030 Length' 75 0 Slope= 0 0083 'I' 
Side Slope Z-value= 3 0 'I 

Reach 20: east  runon channel  

gQ\ / Z 8 Z  36q * 3 ; z n r ~  6~ 

Type I /  2 4 4  Rainfa/!=2.55' 
Page 70 

D B ~  ildif.2 
post  d e v  East  OSDF 
Prepared b y  GeoSyntec Consullants 
H@mCAD@6 00 $1" 000929 0 1986-2001 A p p b d  Murasompuler Svrlsrns 1/29/2002 

R e a c h  19: east  runon channel 

1651 Warning' lnlel elevalion MI specified 

Inflow = 9.08cfs @ 12.41 hn, Volume- 1.1 15 a1 
Oullbw = 8.7 1 CIS @ 12.53 hn. Volume= 1.1 15 af. Anen= 4%. .Lag= 7.5 min 

Rouling by Slor-lnd+Trans melhod. Time Span= 0.00-36.00 hrs. dl= 0.05 hrs 
Max. Velociry. 1.9 Ips. Min. Travel Time= 4.1 min 
Avg. Velocily = 0.8 Ips. A q .  Travel Time= 9.7 min 

Capacity ai bank full= 91 1.12 cfs 
0.00' i 3.00 deep channel. n= 0.030 Length= 470.0 Slow= 0.0090 'r 
Side Slope Z-vahe= 3.0 30.0 7 

Peak Deplh= 0.53 .- 4 66 4 

R e a c h  19: east runon channel  

post dev East OSDF 
Prepared b y  GeoSynlec Consullanls 
H;droCiLX 6 00 sln 000929 B 1936-2001 Appliad Mistocompular S ~ i o m s  

Type / I  24-hr Rainfa//=2. 55" 
Page 72 

1/29/2002 

R e a c h  21: e a s l  runon channel  

163 Warning: Inlet elevation MI specified 

lrtllow = 7 74 CIS @ 12.79 h n .  Volume- 1.817 ar 
Outflow = 7.74 cfs @ 12.80 hrs. Volume' 1.817 af. Anen- OX. Lag= 0.8 min 

Routing by Stor-lnd+Trans method. Time Span= 0.W-36.00 hn. dl= 0.05 hls 
Mal. Velocip 2.9 fps. Min. Travel Time= 0.4 min 
Avg. Velouly 1 1 Ips. A q .  Travel Time= 1.0 min 

Peak Deplh= 0.94' 
Capaclty ai bank full= 169.20 cfs 
0.00 I 3 0 0  deep channel. n= 0.030 Lenglhz 65.0 Slope= 0.0 100 'r 
Side Slape 2-value- 3.0 'f 

Reach 21: east r u n o n  channel  

Hydrognph Plot 

m 

000321 



,.s. r >< j . ' J %  u L 

posl dev East  OSDF Type ll 24-hr Rain/all=2,5y post d e v  East OSOF j jac)aL Type /I 24-hr Rainla//-2.55' 
Prepared by GeoSynlec COnSUltanlS Page 73 Prepared by GeoSynlec Consullanls Page 74 

1129/2002 1/29/2002 HydroCADm 6.00 sln 000929 0 1986-2001 Applied MicrocompuIm Svrlomr ~,droCaO@ 6.00 $In 000929 0 1986-2001 Applied Microcomputer Systems 

R e a c h  22: east  runon channel  

(651 Warning: Inlet elevalwn not Specified 

InROw = 7.81 CIS @ 12.80 hrs. Volume; 1.844 al 
k d o w  = 7.80 cfs @ 12.83 hn. Volume= 1.844 ai. Anen= OX. Lag= 2.0 min 

Rolning by Stor-IndtTrans meli-od. Time Span= 0.00-36 00 hn.  dl= 0.05 hrs 
Mar. V e b c i F  2.9 Ips. Min. Travel Time= 1.1 min 
Avg. Velocity = 1.1 Ips. Avg. Travel Time= 2.8 min 

Peak Depth- 0.95 
Capacily a i  bank full= 364.40 CIS 
0.w' x 4.00 deepchannel. n=0.030 Length= 190.0' S1ope=001007 
Slde Slope 2-value= 3.07 

Reach 22: east runon channel 

post d e v  East OSDF 
Prepared by GeoSynlec Consullanls 

Type lf 24-hr Rainfall=2.55 
Page I 5  

Hvdmi1006.00 slnOOO929 0 1986-?001 Appbbd Microcomputer Smloms 1/29/2002 

B 
R e a c h  24: r u n o n  c h a n n e l  

(651 Warning: Inlet elevation nor specified 

Inflow = 9.31 c k  @ 12.82 hn. Volume= 2.398 a1 
OumW = 9.29 CIS @ 12.86 hn. Volume= 2.397 af. Anen= OX. Lag= 2.2 min 

Routing by Slor-lnd+Trans melllod. Time Span= 0.00-36.00 h n .  dl= 0.05 hn 
Mar. Velocip 2.2 Ips. Min. Travel Time- 1.2 min 
Avg Velocity = 0.7 fps. Avg. Travel Time- 3.9 min 

Peak Depth- 0.43' 
Capacity at bank lull= 153.W CIS 
8.50 x 2.00 deep channd. n= 0.030 Length= 160.0 slope= 0.0075 ' I  
Side Slope 2-values 3.07 

Reach 24: runon c h a n n e l  

Reach 23: n e w  CMP culvet ts  

(521 Hint: Inlei anditions not evatualed 
(G51 Warning: Inlet etevaUon M I  spedfied 

innow = 8.22 CIS @ 12.85 hn. Volume= 2.042 a1 
Oulf~ow = 8.21 CIS @ 12.87 hrs. Volume- 2.042 af. Anen= ox. ~ a g =  0.9 min 

Rouiing by Stor-tnd+Trans method. Time Span= 0 00.36.00 hrs. di= 0.05 nn 
Mar. Veloclry; 3.2 Ips. Min. Travel Time= 0.5 min 
Avg. Vetocity = 1.2 Ips. Avg. Travel Time= 1.3 min 

Peak Depln= 0.55 
Capaciiy a1 bank full= 473.85 CIS 
A lactor of 2.00 has been applied 10 Ihe supplied storage and discharge dam 
72.0' Diameter Pipe n= 0.018 Length= 95.0 Slope= 0.0060 7 

- $ 6 6 4  

Reach 23: n e w  CMP culver ts  

Type /I 24-hr Rainfa/l=2.55" 
Page 76 

p o s t  d e v  East OSDF 
Prepared b y  GeoSynlec Consullanls 
HydroCAD06 00 rln 000929 1986-2001 Applied M I C ~ D C O ~ ~ Y I C ~  Splams 1/29/2002 

Reach 25: new CMP a r c h  

(521 Hint: iniel CnndiliOnS no1 evalualed 
1651 Warning: inlel elevalion not Speufied 

Inflow = 10.27 cfs @ 12.82 hn. Volume= 2 694 a1 
Oumow = 10.26 CIS @ 12 83 hR. volume= 2.694 ai. Anen= 0%. Lag= 0.5 min 

Rouling by Slor-lnd+Trans meli-od. Time Span: 0.00-36.00 hn.  dl= 0.05 h s  
Max. Veloc ip  3 3 fps. Min. Travel Time= 0 I min 
Avg. Velocity = 1.3 Ips. Avg. Travel Times 0.8 min 

Peak Deplh= 0.62 
Capauiy at bank lull= 453.67 CIS 
A faclor of 2.00 has been applied 10 the Supplied slorage and discharge dala 
72 0' Diameter Pipe n= 0.018 Lenglh; 60.0 Slope= 0 0055 7 

R e a c h  25: new CMP arch 



sa3 /&m- 
rype // 24-hr Rain/a//=2.55- 

Page 78 

o l ~  y .5c!.j-&d e& 
D 6~ i l 4  a~ post d e v  East OSDF 

Prepared by GeoSynlec Consullants 
HldmCAObD 6.00 sln 000929 0 1986-2001 Applisa McfOCompuler Syslsms 1/29/2002 

Reach 2 7  new C M P  a r c h  

[52) Hinl: lnlel mndirions mI evalualed 
[65) Warning: R l e l  elevalion MI specified 

Inflow = 10.41 cfs@ 12.88 hrs. Volume= 2.795af 
Qumow = 10.40 CIS @ 12.89 hR. Volume= 2.795 af. Anen= OX. Lag= 1.0 min 

Rouling by Slor-lnd*Trans melhod. Time Span= 0.00-36 W hrs. dl- 0.05 hrs 
Max. Velocitv; 3.3 Ips. Min. Travel Time' 0.6 rnin 
Avg. Velocity= 1.3 Ips. Abg. Travel Time= 1.4 min 

Peak Depth= 0.63 
Capacity al bank full= 455.55 cfs 
A lacloi of 200 has been applied 10 me SuPPlied slorage and discharge data 
72.0- Diameter Pipe n= 0.0 18 Length. 110.0 Slope- 0.0055'1 

= 4664 

Reach 27: n e w  CMP a r c h  

HYdioaraDh Plol 

post d e v  E a s t  OSDF 
Prepared b y  GeoSyntec Consullanls 
H~mCAD@6,oo SlnOOO929 0 1986.2001 Applied Microcomputer Swlsmr 

Type I /  24-hr Rain/a//=2.55" 
Page 77 

1/29/2002 

R e a c h  26: runon channel  

[65] warning: Inlet elevation ml specified 

lnllow = 10 26 cfs @ 12.83 hn. Volume= 2.694 af 
'urnow = 10.24 CIS Q 12.88 hrs. Volumes 2.694 af. Anen= 0%. Lag= 3.2 min 

.oufing by Slor-IndtTrans meltnd. Time Span= 0.00-36.00 hrs. dl= 0.05 Ius 
Max. Velocity= 2.0 fps. Min. Travel Time- 1.8 min 
~ b g .  velociry = 1.1 Ips. A q .  Travel Time- 4.6 min 

Peak Deplh- 1.11' 
Capacily at bank full= 90. I I CIS 
0.00 i 2.50 deep channel, n= 0 030 Length' 300.0 Stope= 0.0075 ' I  
Side Slope Z-vlue= 3.0.f 

R e a c h  26: runon channel  

post  d e v  East OSDF 
Prepared by GeoSmec Consullants 

D Jyps /I 24-hr Rain/af/=2.55" 
Page 79 

Hd&AOQb.OO r/nb00929 0 1916-2001 lppliad Mtcrocompulor Swlsrnl 1/29/2002 

Reach 28: n e w  CMP Culverts 

1521 Hint: lnlel mndifions no1 evaluated 
[65) Warning: Inlet elevation MI speufoed 

Inmw = 11.45 CIS @ 12.75 hrs. Volume; 2.214 al  
Oumow = 11.44 CIS @ 12.76 hn,  Volumes 2.214 al. Anen= 0%. Lag= 0.6 min 

Rouling by Stor-IndcTrans meltnd. Time Span= 0.00-36 00 hrs. dl= 0.05 hrs 
Mar. V e b c i y  3.2 Ips, Mm. Travel Tme= 0.3 min 
Avg. VebdfV = 1.1 Ips. A q .  Travel Time= 1.0 rnin 

Peak Deplh= 0.69 
Capadry at bank lull= 408.61 CIS 
A faclor of 2.00 has been applied to me supplied slorage and discharge data 
72.0'DiameterPipe n= 0.018 Lenglh= 65.0 Slope= 0.0045 7 

Reach 28: n e w  CMP culver ts  

p o s t  dev East  OSDF 
Prepared by GeoSyntec Consultants 
HydroCADQ6 00 %In 000929 B, 1986.2001 APPllbd UlclDcOmpuler S,-dlonii 

Type /I 24-hr Rain/a//=2.55" 
Page 80 

1/29/2002 

Reach 29: east runon channel  

[65] Warning: lnlel elevallon mI spevfied 

Inflow = 7.95 CIS @ 12.82 hrs. Volunle= 1.904 af 
Ournow = 7.33 cfs Q 12.86 hrs. volume= 1.903 af. Anen= 0%. Lag- 2.5 min 

Rouung by Slor-lnd+Trans melhod. Time Span: 0.00.36.W hS. dl= 0.05 hrs 
 ax. Vebatv; 2.9 Ips. Min. Travel Time= 1.3 min 
Avg. Velocily = 1.1 fps. Avg Travel Tme= 3.4 min 

Peak Deplh= 0.95  
Capaulyai bank full= 255.23 cfs 
0.00' x 3 50 deep channel. n= 0.030 Length' 230 0 Slope: 0.0 100 'I 
Slde Slope 2-value= 3.0 T 

000323 
\ 



a /a $A 
Type / I  24-hr Rain/a1/=2.55" 

Page81 Prepared by GeoSyntec Consultants Page 82 
1R9/200~ 

post d e v  East OSDF Type I /  24-hr Rain/a//=2.55" p i s t  d e v  East OSDF ~ ~ f q  1 3 4  
Prepared by GeoSyntec Consullants 

HldfoC~Dl9.5 00 *A OW929 0 1986-2001 4P&d Micro~ompular Systems HdmCAO@ 6 W sln 000929 0 1986-2001 Applmd Micm~ompumr Spternr 1/29/2002 

Reach 31: culvert Reach 30: east runon c h a n n e l  

1651 Warning: Inlet elevation MI Specified 

' n b w  = 7.74cb @ 12.78 hrs, Volume- 1.817 af 
um0w = 7.74 CIS @ 12.79 hrs. Volume= 1.817 af. Anen= OX. iag- 0.3 min 

Rouring by Slor-IndtTrans melhod. Time Span= 0.00-36.00 hrs. dl- 0.05 hrs 
Max. V e b c i v  2.9 Ips. Min. Travel Time= 0.2 mm 
Avg. Vebciry= 1.1 Ips. Arg. Travel Time=O.4 min 

Peak Deplh= 0.94' 
Capadly at bank lull= 104.05 CIS 
0.00' x 2.50 deep channel. n= 0 030 Length; 30.0 Slope= 0.0100 T 
Side Slope ,?-value= 3.0 4 

Reach 30: east runon channel 
Hydrograph Plot 

. . .  

post  d e v  East OSDF 
Prepared b y  GeoSyntec Consultants 

Type / I  24-nr Rain/al/=Z.SS' 
Page 83 

1/29/2002 HldroCAOl96.00 sln 000929 0 1986.2001 4pplmd Macrocomputer Svsiornr 

B 
Pond 1P: ( n e w  node)  

innow = 11 25cls @ 12.51 hrs. Volume- 1.850 af 
Oufflow = 7.74 CIS @ 12.78 hrs. Volume' 1.817 af. Anen= 31%. Lag= 160min  
Primary = 7.74 CIS @ 12.78 hrs. Volume= 1.817 a l  

Rouling by Sur-lnd memcd. Time Span= 0.00-36 00 hrs. dl= 0.05 hrs 

Starting €lev. 592.00' Storage. 0.691 a l  
Peak Ele- 592.98 Storage= 1.082 af (0.391 afabove starting storage) 
PlugFbw delenlion time- 348.7 mm Calmlated lor 1.124 al(61X of innow) 
Slorage and welted areas determined by Conic sections 

Elevalion SurtArea Inc.Slore Cum.Store Wel.Area 
(lee11 (acres) (acre-feet) (acre-feet) (acres) 

589.30 0.186 0.000 0.000 0.186 
590.00 0210 0.139 0.139 0.211 
591.00 0.278 0.243 0.382 0.279 
592.00 0342 0.309 0.591 '0344 
593.00 0.463 0.401 1.092 0.465 
594.00 0.624 0.542 1.634 0.627 

Prlmary DutFlow (Free Discharge) 
tl=Special (userdefined) 

U Roulinq lnven Ourlei Devices 
t Primarl 592.00 Special (userdehed) 

Head(fee1J 0.00 0.01 0.18 0.51 IO1 1.34 1.67 2.00 
DiSCh.(ds) 0.00 0.00 0.08 1.33 8.21 17.57 31.73 51.47 

I 

I521 nint: Inlet mwitions m t  evaluated 
1651 Warning: Intel elevation MI specified 

I n k  = 2.25 CIS @ 11.91 hrs. Volume- 0.096 a i  
oumw = 2.19 CIS 0 11.93 hrs. Volume' 0.096 ai. Anen= 2X. Lag= 0.8 min 

Rouling by Sur-IndtTrans melhod. Time Span= 0.00-16.00 hr5. dt= 0.05 hrs 
Mar. Velociiy 3.5 Ips. Min. Travel Time= 0.4 min 
Avg. Velocity = 1.5 Ips. A*. Travel Time= 0.9 min - 4 6 6 4  
Peak Deplll= 0.21' 
Capacity ai bank full= 946.99 CIS 
A laclor of 2.00 has been applied to Ihe supplied storage and discharge dala 
72.O'Diameler Pipe n= 0.013 Lenglh= 80.0 Slope= 0.0125 7 

Reach 31: culvert 
Hydrograph Plot ' 

. 
8 '  ' 

. .  

i .  

1 

0 

. . .  . .  . .  

Type I1 24-hr Rainfa/I=2.55' 
Page 84 

p o s l  dev East OSOF 
Prepared by GeoSynlec Consultants 

1/29/2002 HydroCAD@lS 00 $1" 000529 0 1916.2001 Applied M ~ c m ~ o m p ~ i e r  Sy.8.m~ 

Pond 1P: (new node) 

000324 



post d e v  East OSDF 
Prepared by GeoSynlec Consullanls 

Type  If 24-hr Rain/a/l=2.55' 
Page 85 

~ , d r o t A D Q  6 00 Srn 0009% 0 1986.2001 Applied Micmcampuior SVrlDmi 1/29/2002 

P o n d  2P: (hew n o d e )  

lnnow = 12.06 CIS Q 12.53 hn. Volume- 1.919 af 
Oudlow = 10.72cfs @ 12.69 hn. Volume= 1.919 af. Anen= Ilk. Lag=9.5min 
Pn'mary = 10.72 cfs @ 12.69 hrs. Volume= 1.919 af 

outmg by Sior-lnd method. Time Span= 0.0036.00 hrs. dl= 0.05 hrS 

Staning Elev; 588 0 0  Storage; 1.282 af 
Peak EleY; 588 47' Slorage= 1.509 af (0.227 af atave slaning storage) 
Plug.Flow delenlion lime= 460.6 min Calculaled for 0.636 al(33% of infbw) 
Storage and welled areas delermined by Conic sections 

Elevation Surl.Area lnc.Slore Cum.Slore Wet.Area 
(feet) (acres) (acre4eel) (acre-leet) (acresj 

584.30 0.260 0.000 0.000 0 260 
585.00 0.286 0.191 0 191 0.287 
586.00 0.328 0.307 0.498 0.330 
50700 0.397 0.362 0.860 0.400 .. 
58800 0 4 5 8  0 422 1 2a2 0 452 
58900 0 519 0 483 1 765 0 524 
59000 0647 0 582 2347 0652 

Primary OutFlow (Free Discharge) 
cl =Special (user-defined) 

I) Roulinq lnven OuUelDekices 
I Primary 588.00 Special (userdefined) 

Head(fee1) 0.00 0.01 0.18 0.51 1.01 1.34 1.67 2.00 
Disch.(cfs) 0.00 0.02 1.97 11.93 39.57 66.41 100.28 141.52 

.. - . -. . . . . . - . . . . . .. 

Type If 24-hr Rain/a//=2.55' post d e v  East OSDF 
Prepared by GeoSynlec Consuttants Page a? 
pdm%?+5 OJ ;:ax 000929 0 1986-2001 Appt~0.5 M I S I O C D ~ ~ U ~ ~ ,  Sfllamr 1/29/2002 

D 
P o n d  3P: Borrow Area B a s i n  

Inflow = 31.84 cfs @ 11.90 hn. Volume. 8 141 af 
Oumow = 0.00 CIS Q 0.00 hn. Volume= 0 000 af. Anen= IOOX. Lag= 0.0 min 
P n m q  = 0.00 CIS @ 0.00 hrs. Volume- 0.000 af 

Routing by Slor-lnd melhod. Time Span= 0.00-36.00 hn. d t  0 05 h n  

PeakElevc 571.23 Storage= 8.141 af 
Plug-Flow eelenlion time= (no1 calmlaled) 
Storage and wened areas determined by Conic sections 

Elrvalion Sur! Area Irv.Slore CumSlore Wet.Area 
(fee!) (acres) (acre-leet) (acre-feet) ( acres) 

570.00 6.391 0.000 0.000 6.391 
571.00 6687 6 538 6.538 6.690 
57200 7.017 6.851 13.390 7.023 
573.00 7.290 7.153 20.543 . 7.300 
574.00 7.613 7.451 27.994 7.626 
57500 7.921 7.766 35.760 7.938 

Primaw OuIFlow (Free Discharge) 

U Roulinq I w e n  Outlet Devices 
1 Device 2 575 30' 48.O'Horiz OnficelGrate X 2.00 Limiled 10 weir now C= 0.600 
2 Primary 569.80 48.0' I: 200.0'long Culven X 2.00 Ke= 0.700 

3 Primary 578.00 2O.o'long BroadCrested Rectangular Weir 
OuUel Inven= 569.00 S-0.004O'r n= 0.024 Cc= 0.900 

Head(fee1) 0.50 1.00 l.M 2.00 2.50 300 4.00 5.00 
Coef.(English) 3.00 3.00 3.00 3.00 1.00 3.00 3 W 3.00 

u-, LN.  ' 

OB;-( l J 3 L ) L L  
post d e v  East OSDF 
Prepared by GeoSyntec Consultants 

Jype If 24-hr Rain/af/=2.55' 
Page 86 

H,droCADB6 00 51" 000929 0 1986-2001 Applied MICIOCORIPUI~~ S ~ l a m n  1/29/2002 

P o n d  2P: ( n e w  node)  

posl d e v  East OSDF 
Prepared by GeoSynlec Consultants 

Type I f  24-hr Rainfa/l=2.55' 
Page a8 

HydroCAD@6 00 110 000929 a 1986-2001 Applied MmOCompule( Syrlem, 1/29/2002 

P o n d  3P: BOKOW Area Basin 
Hydrograph Plal 
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EAST OSDF POST-DEVELOPMENT DESIGN SCENARIO 
25-YEAR, 24-HOUR STORM EVENT 
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3 a  /am- 
post dev East OSDF 

HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

T pe 1124-hr Rainfall=4.70" 
D&'l / / 3 G ) 0 2 /  Page 1 

1/29/2002 
Prepared by GeoSyntec Consultants g ? p  3<3-Anldz  

4 6 6 4  
Pond 3P: Borrow Area Basin 

B t 

Inflow = 151.60 cfs @ 12.62 hrs, Volume= 27.127 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 100%' Lag= 0.0 min 
Primary = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af 

Routing by Stor-lnd method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs 

Peak Elev= 573.88' Storage= 27.127 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Conic sections 

Elevation 
(feet) 

570.00 
571 .OO 
572.00 
573.00 
574.00 
575.00 

Surf.Area 
(acres) 

6.391 
6.687 
7.01 7 
7.290 
7.613 
7.921 

Inc.Store 
(acre-feet) 

0.000 
6.538 
6.851 
7.1 53 
7.451 
7.766 

Cum.Store 
(acre-feet) 

n.Clnn 
6.538 

13.390 
20.543 
27.994 
35.760 

Wet. Area 
(acres) 

6.391 
6.690 
7.023 
7.300 
7.626 
7.938 

Primary OutFlow (Free Discharge) 
2=Culvert 
L1 =Orifice/Grate 
3=Broad-Crested Rectangular Weir 

# Routing 
1 Device 2 575.30' 48.0" Horiz. Orifice/Grate X 2.00 Limited to weir flow C= 0.600 
2 Primary 569.80' 48.0" x 200.0' long Culvert X 2.00 Ke= 0.700 

3 Primary 578.00' 20.0' long Broad-Crested Rectangular Weir 

Invert Outlet Devices 

Bt 
Outlet Invert= 569.00' S= 0.0040 '/' n= 0.024 Cc= 0.900 

Head (feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

000327 



30% /ax'& 
post dev East OSDF Type /I 24-hr Rainfall=4.70" 
Prepared by GeoSyntec Consultants D m  1 / 3 0 / ' 2 2  Page2 
HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems p d ?  3'' *dc  2 1/29/2Qo2 

- 4664 Pond 3P: Borrow Area Basin 
D 

Hydrograph Plot 

: ? : ! .  ' ! a , : ! .  

, : ! .  . : , , , ! . : I ;  

! : ! . ! :  ! C , , !  ! , :  

/ I / . !  ! I ! :  

x i :  . . . .  

0 1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526272829303132333435 
Time (hours) 

1 'm -Primary 
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HydroCADTM OUTPUT REPORTS 

WEST OSDF POST-DEVELOPMENT DESIGN SCENARIO 

phase V 
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Client: Project : lEIE Phase V Project No.:&Ql312 Task  NO.:^ 

0 - 4 6 6 4  

0 

WEST OSDF POST-DEVELOPMENT DESIGN SCENARIO 
2-YEAR, 24-HOUR STORM EVENT 

0 phase V 
1pI - -- 

I /29/2002 
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post dev West OSDF 
prepared b y  GeoSyniec Consullanls 

Typa I1 24-hr Rainfal/=2.55' 
Page 1 

~,.j,oCADQ6.00 51" 000929 0 1986-2001 Applied M c r o c o r n p m r  Sy3lams 1/29/2002 

Time span=0.00-24.00 Ns. dFO.05 hn. 481 poinls 
Runoff by SCS TR-20 melMd. UHZSCS. Type 11 24-hr Rain/aIl=2.55* 

Reach routing by Slor-lnd*Trans m e m d  ~ Pond routing by Slor-lnd melhOd 

Subcatchment A: vegetated nnal cover 
T c m 1 8 3 m h  CN=74 ACaa-2.730ac Runoff- I 8Ocfr 0 144.1 

E: vegetated nnal cover 
Tcs19.3 min CN=74 Area.5.342 ac Runoff- 3.41 c h  0281 af 

Subcatchment C: vegetated flnal cover 
T c - I 9  3 min CN=74 Area-5.399 ac Runoff- 3.45 dr 0.284 af 

Subcatchment D: vegetated final cover 
Tr=19.3 min CN=74 Ame.=5.530 .% Runoff- 3.53 cfr 0.291 .I 

Subcatchment E: vegetated final cover 
T C z 1 9  7mm CN*74 Ar0.=4.807 a t  Runoff; 3.03 cfs 0.253af 

Subcatchment F: vegetaled final coverlopen Space 
Tc-12.5min CN-74 Area-1.640 ac Runoff= 1.34 sfs O087af 

Subca(chment G: vegetated final covtr/open space 
Tc=21.4 min CN=74 Araa=3.637 ac Runolf- 2.18cfr 0 191 af 

Subcatchment H: open space with good grass cover 
1 ~ 3 0 . 5  min CN=74 Area-0.797 ac Runoff- 0.37 CIS 0 042 a l  

Subcatchment I: open space wilh good grass Cover 
1-25 0 min CN=74 Area-0.512 ac Runoff- 0.28 cfr 0.027 af 

Subcatchment J: open space with good grass cover 
Tc=9.1 mm CN-74 Araa=1.452 ac Runoff= 1.36 cfs 0.077 af 

Subcatchment K: open space with good grass cover 
Tc-16.4 mm CN=79 Araan0.765 ac Runoff- 0.79 clr 0.055af 

Subcatchment L: open Space wit" guvd gndba cirrsi 
Tc=l7.7min CN-74 Area-1.277 ac Runoff-0.86 CIS 0.067.4 

Subcalchmenl M: open space with good grass cover 
Tcs5.3 mi" CN=79 Araas0.964 B C  Runoff= 1 48 CIS 0.070 a1 

Subcalchment N: open space with good grass cover 
T C - 1 5 2  mm CNs74 Area-1.043 ac Runo f f~0 .77c fs  0.055t.f 

Subcatchment 0 diren runon to pond 
lc=I.Omin CN=98 Area=2.252 ac Runoff= 8 94 cfs O435at 

post dev West OSDF 0 Preoared bvGeoSrntec Consullanls 
Tyw I /  24-hr Rainfa/I=ZSY 

Paqe 3 

Runoff Area = 39.090 ac Volume = 2.41 1 a1 Average Deplh = 0.74" 

I A ~  - .  - u t .  I G-u.7- 

post d e v  w e s t  OSDF D B ~  i \ ao \ca  ~ v p e  II ZI-hrRainfall=2.55' 
Prepared b y  GeoSynlec Consullants 

Subcatchment P: open space wRh gwd grass cover 

Page 2 
HydioCAO@6 00 ?iln 000929 a 1986-2001 ApDlied Microcornpuler Svrlams 1/29/2002 

Tc-7.6 mln CN-74 Aron4.943 sc RUMHZ 0.94 clr 0 050 sf 

Idlow= 1.80 sfr 0.144 af 
Lenglha 400.0' Atax Val= 1.6 fps Capac i l p  223 61 CIS OuNlmv- 1.65 CIS 0.143 sf 

h h w -  4.70 CIS 0.424 af 
Langlha 400.0 Max Val= 2.1 Ips  Capacity; 223.61 CIS Oudlow. 4.53 cfs 0.422 af 

l&w= 7.23 dr 0.707 *I 
LongW= 400.0' Max Vel= 2.3 Ips C a p c i l p  223.61 CIS Outflow- 7.07 CIS 0 704 af 

Inflow 9.40c l r  0.995 of 
Lmglh. 90 .0  Mar Vel= 2.5 Ips Capscnp  224.44 CIS Outllow= 9.34 clr 0.994 of 

Inflow- 9.34 sfr 0.994 af 
Langlh= 100.0' Max Vel= 2.9 Ips Capaciiy 397.33 d r  Oudlrrw= 9.30 CIS 0.993 sf 

lnfloun 9.30 CIS 0.993 af 
Lenglh- 380.0' Max Val= 2.5 Ips Cepadiy; 337 31 slr Oufflov- 9.14 cfs 0.990 af 

h b w =  10.66 cfs 1.243 e l  
Length- 550.0' M a x V d -  2.8 Ips Cepac8ly; 315.77cfs Oulnow= 10.47cfs 1237.f 

Infbw. 12.89 CIS I 715 af 
Lsngfh- 280.0' Mar Vets 3 0 Ips Capacity; 315.58 clr Ou#bw* 12.81 sfs 1.71 1 af 

Inflows 0 79 cis 0.055 af 
Lsnglh. 200.0' Max Vet= 2.3 fps Capacily; 43.05 cfs bufflaw- 0.77 cfs 0.055 af 

Reach I: wesl channel 

Reach 2: west channel 

Reach 3: w e 9  channel 

Reach 4: west channel 

Reach 5 culverl 

Reach 6: west channel 

Reach 7: west channel 

Reach 8 west channel 

Reach 9 culverl 

Reach 10 access road diversion channel 
Langlhi 260.0' Max Vel= 0.0 Ips Capaci lp  32.43 d r  Oulbw- 0.00 cfs 0 000 a1 

l n h w n  1.34 cfs 0 087 af 
Lengths 310.0' Mar Val= 1.6 Ips Capsc i l p  84.62 cfa OumOwi 1.23 cfs 0 086 af 

lnlbwn 4.73 cfs 0.401 nf 
I.sn$h= 116.0' MarVsl= 4.9 fDa Capac i lF  1,112.f9 d s  Oufllown 4 . 6 7 ~ 1 ~  0.401 af 

Inflow= 0.86 cfr 0.067 af 
' Lenglh- 65.0' Ma% Val= 2.8 Ips Capas i l p  1.040.04 CIS Oullbwm 0.85 d r  0.067 af 

Inflow- 1.48 c h  0.070 a1 
LanglhD 112.0 Max Val- 2.8 Ips C s p a u l p  822.56 clr Oulhw= 1.43 cfr 0.070 e l  

Reach 11: access road dlverslon channel 

Reach 12  c u k n  

Reach 13: culven 

Reach 1 4  culven 

Pond 1P: Sedimentation Basin 2 Psak Storage. 2.388 af I n b w =  14.18 s h  2.389 af 
Prirnay 0.00 cfr 0.000 a i  Outllow- 0.00 CIS 0 000 sf 

- 4 6 6 4  
post d e v  W e s t  OSDF 
Prepared b y  GeoSynlec Consullanls 
HvdroCAOQ6.00 s/n 000929 0 1986.2001 Applied Mismcoinpular Swlemr 

rypa / I  2 4 h r  Rainfa/l=2.55" 
Page 4 

1/29/2002 

Subcatchment A: vegetated final cover 

Runon = l .SO CIS @ 12.13 h.n. Volume; 0.144 al  

Runofl by SCS TR-20 method. UH=SCS. Time Span= 0.00-24.00 hrs. dC 0.05 hrs 
Type I1 24-hr Rainlall=2.55' 

Area (ac) CN Descriplion 
2.730 74  

TC Length Slope velocity Capacify Description 

6.9 90 0.0500 0.2 Sheet Flow, 
(rnin) (feel) (Wlt) (Wsec) (CIS) 

Grass: Short n= 0.150 P2= 2.60' 

Grass: Shorl n= 0.150 P2= 2.60- 

Grass: Shorl n-0.150 P2= 2.60' 

Unpaved KF 16.1 Ips 

BOI.W=O.O~ Dz2.00 Z= 3.0 6.0 'r 0.030 

3.8 60 0.1000 0 3  Sheel Flow. 

6.4 150 0.1700 0.4 Sheet Flow, 

0 5  790 0.1700 6.6 Shallow Concenlraed Flow, 

0.7 180 0.0075 4.2 75.84 TrapNeelRen Channel Flow. 

18.3 670 Total 

Subcatchment  A: vegetated final cover 
Hydrograph Plot 



~ 

&)b,? 3- J . . '  . m . '  ," - 
DR.a i) az.,c-L Typ2 /124-hrRainla1/=2.55 post d e v  West  OSDF 

Prepared by Geosyniec Consultants Page 5 Prepared by GeoSynlec Consullanls Page 6 
n y d r 0 ~ ~ ~ Q  6.00 d n  000929 0 1986.2001 Applied Mtcmcornpuler Svrlornr 

p o s t  d e v  West  OSDF Tym / I  24.hr Rainlalk2.55" 

1R9R002 HydroCAD06.00 %In 000929 0 1986.2001 Applied MisroCornpuler Sblsrna 11291200~ 

Subcatchment 8: vegetated final cover Subcatchment  8 vegetated final cover 

Rumn = 3.41 CIS @ 12.14 hrs. Volume= 0 281 af 

~ u n o l f  bv SCS TR-20 melhW. UH-SCS. Time Spans 0.00-24.00 hrs. dl= 0.05 hr3 
I 

Area (ac) CN DesCriPtion 
5.342 74 

TC Length Slope Velocily Capacily Description 

6.9 90 0.0500 0.2 Sheel Flow, 

3.8 60 0.1000 0.3 Sheel Flow, 

6.4 150 0.1700 0.4 Sheet Flow. 

(mini (feel) (IUfl) (Wsecl (cfs) 

Grass: Siwn n= 0.150 P2- 2.60' 

Grass: Shon n= 0.150 P2= 2.60- 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BOLW-O.OO' 0=2.w Z= 3.0 a 6 . 0 ~  n-. 0.030 

Diam= 72.0' Area= 28.3 sf Perirn= 18.8 F 1.50' n= 0.013 

BOI.W=O.O~' 0=2.00' Z- 6.0 a 3.0 'r n= 0.030 

0.5 200 0.1700 6.6 Shallow Concentrated Flow, 

0.8 190 0.0075 4.2 75.84 TrapNeetRenChannel Flow. 

0.1 60 0.0100 15.0 423.5t Circular Channel (pipe). 

0.8 200 0.0075 4.2 75.84 TrapNeelRen Channel Flow, 

19.3 950 Tolal 

Prepared by GeoSynlec Consullanls 
;!c:;oCADa 6 00 sin 000929 B 1985.2001 Applied Microcornpuler SVrlernr 

p o s t  dev West OSDF Typg I /  24-hr RainlaU-2.55' 
Page 7 

1/29/2002 

Subcatchment C: vegetated f ina l  c o v e r  

Runoff = 3 . 4 5 ~ 1 ~  @ 12.14 hrs, Volume= 0.284 af . .  
Runoff by SCS TR-20 melhod, UH=SCS. Time Span= 0.00-24.00 hr5, dlc 0.05 hrs 
Type II 24-hr Rainlall=2.5S 

Tc Length Slope Velocity Capaciry Dqmption 

6.9 90 0.0500 0.2 Sheet Fl.0~. 

3.8 60 0.1000 0.3 Sheet Flow, 

6.4 150 0.1700 0.4 Sheel Flow. 

0.5 200 0.1700 6.6 Shallow Concentrated Flow, 

0.8 190 0.0075 4 2 75 84 TrapNeelRen Channel Flow, 

0.1 60 0 0100 15 0 423.51 Circular Channel (pipe). 

0.8 195 0.0075 4 2 7584 TrapNeeiRcn ChannelFlow. 

(min) (feel) (Wh) (Wsec) (CIS) 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: ShaR n- 0.150 P2= 2.60' 

Grass: Shon n= 0 150 P2= 2 6W 

Unpaved Kv= 16.1 Ips 

eol.w=o.oo 0-2.00' Z= 3 o a 6.0 'r n= 0.030 

Oiam= 72.0' AreaE28.3 sf Penm= 18.6 r= 1.50 n=0.013 

e01 w=o.oO 0=2.w' z= 6.0 a 3 o 'r n= 0.030 
19.3 945 Total 

- 4 6 6 4  

post d e v  West  OSDF 
Prepared b y  GeoSynlec Consullanls 

Typa I /  24-hr Rain/a/l=2.55' 
Page 8 

HydmCAChS6.00 sLb 000929 0 1986.2001 Applied Mic(ocornpUler SyIlsrnr 1/29/2002 

Subcatchment  C: vegetated final cover  



Type // 24-hr Rainlal/=2.55' pos t  dev West OSDF 0 0 ~ 3  J 3o)ct  rype  /12Q-hrRainla//=2.55' 
Page 10 

1t29/200z 

post  dev  West OSDF 
prepared by GeoSyntec Consultants 
H ~ ~ ~ C I \ W  5 00 rln 000929 a 1986-2001 ADpliad M i ~ r o ~ ~ m p ~ U i  Swlsrns 

Page 9 Prepared by GeoSyntec Consultants 
1/29/2002 HydroCADBS 00 Iln 000929 0 1986-2001 Apcliad Migwmpular  Syrlams 

Subcatchment D: vegetated final cover  

R-fl = 3.53 CIS @ 12.14 hs. Volume- 0.291 a1 

RWII by SCS TR-20 method. Un=SCS. Time Span= 0.00-24.00 hr2. at= 0.05 h s  

Area (ac) CN Description 
1 

ic Lenglh sbpe Vebcity Capacity DeSCription - - 
(min) (feet) (fult) (fusee) (CIS) - 

6.9 90 0.0500 0.2 Sheet Flow, I S  
Grass: Short n= 0.150 P2= 2.60- 

3.8 60 0.1000 ' 0.3 Sheet Flow, 
Grass: Short n= 0.150 P2= 2.60- 

6.4 150 0.1700 0.4 Sheet Flaw, I 
Grass: Short n= 0.150 P2= 2.60- 

0.5 205 0,1700 6.6 Shallow Concentrated Flow, 
Unpaved Kv= 16.1 Ips 

0.8 190 0.0075 4.2 75.84 TrapNeelRect Channel Flow, 
~ot.w=o.oO D = Z . O ~  z= 3.0 6 6.0 'r n- 0.030 

0.1 6o 0,0100 15.0 423.51 Clrcular Channel (pipe). 

0.0 195 0.0075 4.2 75.84 TrapNeelRea Channel Flow, 
D i m =  72.V Area= 28.3~1 Perim= 18,s I= 1.50 n=0.013 

~ot.w=o.oO 0=2.00' 2= 6.0 6 3.0 .r n= 0.030 
19.3 9% Total 

0 

Type / I  24-hr Rainfa//=2.55' 
Page 11 

os1 dev West  OSOF 
Prepared by GeoSynlec ConSullanls b H,&OCAO@G.OD 'In 000929 0 1986-2001 Applied Microcomputer Syrlsmr 1 /29/200?, 

Subcatchment E: vegetated final cover 

Rumn = 3.03 cfs@ 12.15 hrs., Volume= 0.253 a1 

RumH by SCS TR-20 method. UH=SCS. l ime Span= 0.00-24.00 hrs. at= 0.05 hrs 
Type II 24-hr Rainlall=ZSS 

Area (ac) CN DeScnptlOn 
4.807 74 

Tc Length Slope Velocity Capacity Description 

6.9 90 0.0500 0.2 Sheet Flow, 

3.8 60 0.1000 0.3 Sheet Flow, 

6.4 150 0.1700 0.4 Sheet Flow, 

0.5 205 0.1700 6.6 Shallow Concentrated Flow. 

0.8 I90 0.0075 4.2 75.84 TrapNeelRect Channel Flow, 

0.1 60 0.0100 15.0 423.51 Clrcular Channel (pipe). 

1.2 305 0 0075 4.2 75.84 TrapNeeiRect Channel Flow, 

. (min) (feet) (Wfl) (fused (CIS) 

Grass: Short n= 0.150 P2= 2.60' 

Grass: Short n= 0.150 P2= 2.60- 

Grass: Short n= 0.150 P2= 2.60- 

Unpaved Kv;. 16.1 Ips 

BoLW=O.Oo' D=2.00 2; 3.0 6 6 0 'I' n= 0.024 

Diam; 72.0' Areas 28.3 51 Peima 18.8' F 1.M' n= 0.013 

mi w=o.oo ~ ' 2 . w  z= 6.0 6 3.0 'r n= o 030 
19.7 1.060 Total. 

Subcatchment 0: vegetated final cover 

- 4 ' 6 6 4  

post  dev  West OSDF 
Prepared by GeoSyntec Consultants 
HIdroCADQ6 00 Yn 000929 0 1986.2001 Appllod Microcornpuler Syrloms 

Type I/ 24-hr Rainfa//=ZS5' 
Page 12 

1m/zooz 

Subcatchment E: vegetated final cover 

000333 



post  dev West OSDF 
Prepared by GeOSynlEC Consultanls 

Type I /  24-hr Rainfa//=2.55- 
Page 13 

HdroCAmS.00 .In 000929 @ 1986-2001 Apphd  M~Ern~omp~Dr Sy3larnr 1/29/2002 

S\? lbcdol - - a  . - -  
post dev Wes t  OSDF 
Prepared by GeoSynlec Consultants 
HvdroCADar 6 00 tin 000929 Q 1986-2001 Applrod McroCompuIer S w e m s  

D bH ' / Sc-/ Q.L Type I/ 24-hrRainfa//=Z 55' 
Page 14 
I/29/200~ 

Subcatchment F: vegetated f ina l  cover/open space 

~ u m f l  = 1.34 CIS @ 12 06 hrs. Volume= 0.087 a1 

Rumlf by SCS TR-20 method. UH:SCS. Time Spaw 0 00-24.00 hn. dl= 0.05 hn 
'ype II 24.w Rainfall-2.557 

Area (ac) CN Descriplion 
1.640 74 , 

Tc Lmglh Slope Velw'ty Capacity Descriplion 

11.1 300 0.1700 0.4 SheeIFlow, 
(min) (feet) (MI) (Usec) (cfs) 

Grass: SMn n= 0.150 P2= 2.60' 

B 
0.3 135 0:1700 6.6 Shallow Concenlrated Flow, 

0.4 50 0.0141 1.9 Shallow Concenlraled Flow. 

0.7 185 0.0133 4.6 41.54 TrapNeelRenChannel Flow, 

Unpaved Kv= 16.1 Ips 

Unpaved Kv= 16.1 Ips 

FIOI.W=O.OO' D=I.M' Z= 3.0 a 5.07 n= 0.030 
12.5 670 TOW 

Subcatchment F vegelated final cover/open space 

Hydrogrnph P W  

E 
. I  

I .  

. . . . . . . . . .  - .. - ... - . - 
/ .  . .  . .  

os1 dev  West OSDF 
repared by GeoSyntec Consultants 

Type /I 24-hr Rainfa//=2.55' 
Page 15 

HdlOC.40@6 00 sin OOWrJ 0 1986-2001 Applied M,croCampuler Sy3lamS 1/29/2002 

Subcatchment H: open space w i th  g o o d  grass cover 

B 
Runoff = 0.37cfs@ 12.29 hn. Volume= 0.042af 

Rumff by SCS TR-20 method. UH=SCS. Tune Span= 0.00.24.00 hn. dl= 0.05 h n  
Type II 24-hr Rainfall-2.557 

TC Length Slope Vekxily Capacity Descnplion 
(min) (lee0 (Whl (Wsec) (CIS) 
30.1 MO 0.0141 0.2 Sheel Flow, 

Grass: Shon w0.150 P2- 2.60- 

Unpaved KF 16.1 fps 
0.4 50 0.0141 1.9 Shallow Concentrated Flow, 

30.5 350 Tolal 

Subcatchment H: open space with good grass cover 

Hydrograph PI01 
I 

. .. . . . . . . . . . . .  . . .  . . . . . .  0 ,e -:- i. - - .: 
0 1 4  ..,- i -:. - 

, .  
, .  ..... . . . . . . . . . . . . . . . . .  . . . . . . . .  , .  

.. . . . .  
. . . . . .  . 

0.11 i - ;. 
O M  ..... 1 . .  ' .  
004 ..,- : - - - i . 1- . . . . .  - _.: 

. I  

0.1 -1- - - - .I - 
r - '  . 

O M  ..... L . . ; . l .  : _ I . .  . . .  

0.02. L _ ' . . I .  * _ : _  . .  1 : L ~ 

' : I  . .  
0.-  

0 I 2 J 4 3 0 I 6 0 10 I #  82 13 34 !I 10 11 lb 19 20 2 1  72 21 24 
l!.lt. (mw) 

Subcatchment  G: vegetated f ina l  cover lopen space 

Runoff = 2.18 CIS @! 12.17 hn. Volume= 0.191 a1 

Runoll by SCS TR-20 method. UH=SCS. Time Span= 0.00-24.00 hrs. dl- 0.05 hrs 
Type II 24-hr RaiifaIl=2,5T 

Area (ac) CN Descriplion 
3.637 74 

Tc Length Slope Velocity Capacity Descriplion - 4 6 6 4  
(min) (feet) (Wfl) (hlsec) (cfs) 

4.3 50 0.0500 0.2 Sheel Flow. 
Grass: shoi n= 0.150 PZ= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.64 

Unpaved Kr- 16.1 Ips 

Unpaved Kv= 16.1 fps 

BOI.W=O.OO' D-2.93 I= 3.0 a 5.0 'r n= 0.030 

11.1 230 0.1000 0.3 Sheet Flow. 

1.3 20 0.17W 0.3 Sheet Flow, 

0.3 110 0.1700 6.6 Shallow Concentrated flow, 

3.9 450 o.oi4i 1.9 Shallow Concentrated Flow. 

0.5 130 0.0066 4.6 114.26 TrapNeelReR Channel Flow, 

21.4 990 Tolal 

Subcatchment G: vegetated final coverlopen space 

HvdrooiaDh Plol 

2 

- 
r 
: 

0 

Type // 24-hr Rainfaalli2.55' 
Page 16 

1/29/2002 

post  dev West OSDF 
Prepared by GeoSynlec Consultants 
HldroCAO@6.00 rln 000929 Q 1986-2001 Applied M i ~ ~ ~ ~ ~ r n p " l ~ ~ . S ~ l ~ m ' * .  

Subcatchment I: open  space w i th  good grass cover 

Runolf = 0.28 CIS @ 12.21 hn. Volume= 0.027 af 

RulOlf by SCS TR-20 melhod. UH=SCS. Time Span- 0.00-24.00 hn. dl= 0.05 hR 
Type 11 24-hr Rainfall=2.55' 

Area (ac) CN Description 
0.512 74 

TC Length Slope Velocity Capacity Desuiplion 
(min) (feet) (Wn) (Wsec) (cfs) 
248 300 OO2M 0 2 Sheet Flow, 

Grass SMR n=O 150 P2=260' 
0.2 30 0.0230 2.4 Shallow Concentrated Flow. 

Unpaved Kr- 16.1 Ips 
25.0 330 Tolal 

Subcatchment I: open space w i th  good grass cover 

0 

000334 



413 /dU+ 
post  dev  West OSoF 
Prepared by GeoSynlec Consullanls Page 17 Prepared by GeoSynlec Consultanls Mh? I J& 32. , , 1R9/M02 Page 18 
HdmCAOQ 6.00 sln 000929 0 1986-2001 Applied Micmcompuler Syrlems 

Type I /  24-hr Rain/a//=2.55' 

1/29/2002 

post dev  Wes t  OSDF 

H & C A m  6.00 sln OW929 0 1986.2001 APDlied Mlcr~cornpv et Syrlsmr 

'Jdt 3 :. -*+ c-z Type //24-nrRa;n/a//=2.55' . 

Subcatchment J: open  space w i th  good grass cove r  Subcatchment  K: open  space with good grass cover  

R ~ H  1.36 dsg 12.02 hrs. Volume= 0.077 af RumH = 0.79ds@ 12.10 hrs. Volume= 0.055al 

Rvmff by SCS TR-20 melhod. UH=SCS. Time Span= 0.0024.00 hn. dl= 0.05 hm 
Type II 24-tu RainfalC2.55* 

Area (ac) CN Descriplion 
1.452 14 

TC Length Slope Velocity Capacity Desaiption 

8.1 110 0.0500 0.2 Sheet Flow. 

1.0 350 0.0075 K O  221.03 TrapNeemect Channel Flow. 

9.1 460 Toiat 

min) (feel) ( ( V I 0  (fUsfs) (Cfs) 

Grass: Stma- n= 0.150 P2= 2.60- 

Bot.W=O.oo' 0.3.50 .?= 3.0'1 n= 0.030 

D ,  

ost dev Wes t  OSOF 
repared by GeoSyniec Consultants 

Type II 24-hr Rainfal/=2.55~ 
Page 19 k mCAOm 6 00 s k  000929 0 1986-2001 Applmd Microsompuler Syrlemr 1/29/2002 

Subcatchment L: open  space w i th  g o o d  grass cover 

Rumfl = 0.86 cfs @ 12.12 hrs. Volume= 0.067 af 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.0024.00 hrs. dl= 0.05 hrs 
Type 11 24-hr Rainfan=2.55' 

Tc Length Slope Velocity Capacity Desuiptian 

17.7 220 0.0285 0.2 Sheet Flow. 
(min) (feel) (Wh) (fusec) (cfs) 

Grass: SMR n= 0.150 P2= 2.W 

Subcatchment L: open space w i th  good grass cover 

RumH by SCS TR.20 melMd. UH=SCS. Time Span= 0.00-24.00 hrJ. dt= 0.05 hm 
Typ-3 II 24-hr Rainfa11=2.55' 

Area (ac) CN Description 

- 4 6 4 4  
0.765 79 

TC Length Slope Velociry Capacity DesUiplion 

16.4 220 0.0347 0.2 Sheet Flow. 
(min) (feel) (Wft) (IVsec) (cfs) 

Grass: SMll n= 0.1% P2= 2 . W  

Subcatchment K: open  space with good grass cover  
Hvdmonmh P l d  

. .  
post d e v  West OSOF 
Prepared by eoSyn lec  Consultants 
HldroCAO@ 6.00 sln 000929 0 1966.2001 ADDllsd MiCmcompuIer Smlems 

Type // 24-hi RainfaQ=2.55" 
Page 20 

11zgnao2 

. Subcatchment M: open space with good grass cover 

1491 Hint: Tcc2dI may reauire smaller dt 

Runaft = 1.48cls @ 11.97 hm. Volume= 0.070 al 

Runoff by SCS TR-20 melhod. UH-SCS. Time Span= 0.00-24.00 hn. dl= 0.05 hn 
Type I1 24-hr Rainlall=2.55- 

Area (ac) CN Descriplion 
0.964 79 

TC Length Slope Velocity Capacily Description 

4.3 M 0.0500 0.2 Sheet Flow. 

1.0 390 0.0110 6.6 177.46 TrapNeelRed Channel flow, 

5.3 440 Total 

(rnin) (leet) (Wf i )  (Wsec) (cb) 

Grass: Short n= 0.150 P2= 2.60' 

Bol.W=O.oo' D=3.00 Z= 3.0 'I n= 0.030 

Subcatchment M: open space with good grass cover 

PI01 

000335 



~- 

pos t  dev West OSDF 
Prepared by GeoSyntec Consultants 
n,droCAO@ 6.00 .In 000929 0 1986.2001 Applied Microcornpuler S ~ m r n s  

Type I/ 24-hr Rainla//=255' 
Page 21 

112912002 

Subcatchment N: open  space w i t h  good grass cover 

Runon = 0.77 CIS @ 12.09 nn. Volume= 0.055 a1 

R m H  by SCS TR-M method. UH=SCS. Time Span; 0.00-24.00 hn. dl= 0.05 hrS 
p e  11 24-hr RainlaW2.5S 

0 0 5  

0 8  

0 , s : .  

o.,. 
0 6 5  

0 6 .  

055 .  

0 5 '  

. . . . . .  - ............. - - . . . . . . . . . . . . . . . . . . . . . .  - - 7 

. . . . .  . . 
. . . . . .  . .... . . .  . . . . . . . . . .  . .  , 

.. : .. - - 1 .. ~ - 1 . .: - '- - .;.. I-k..onl - - - - - .- : :.. . .  , .  . . . . . . . .  .... . 
. .  . . . .  . . . . . . . . . . . . . . . . . . . . . . .  - - - - .  . .  . . .  .. . . . . . .  . . . . . . . . .  . 
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1 -' '- ~ - - 2  - 
! I  
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- . . . . .  - , I. . .  ..:- . .  - - . . . . . . . . .  . . . . . . . . . . .  
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. .  

Type // 24-hr Rain/a//=2.55' 
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1/29/2007 

ost  dev  West OSDF 
repared by GeoSynlec Consullanls 

~ ! . : ? D @ S . O O  rln 000929 @ 1986.2001 Appllad Urcrocompvlsr Svslcms . . . . . .  

Subcatchment P: open space w i th  good grass cover 

B 
RumH = 0.94 CIS @ 12.00 hn. Volume= 0.050 al 

RYMII by SCS TR.20 melhod. UH=SCS. Time Span= 0.00-24.00 hn. dl= 0.05 hn 
Type II 24-hr Rainfall=2.55* 

Area(a-3 CN Description 
0.943 74 

Tc Length Slope V e W i  Capaury Desuiption 

6.9 90 0.0500 0.2 Sheel Flow, 
Grass: Shon n= 0.150 P2= 2.6r 

0.7 235 0.0075 6.0 221.03 TrapNeemect Channel Flow, 
BOI.W=O 0 0  D=3.50' Z= 3.07 n= 0.030 

? 6  325 Total 

(min) (feet) (11111) (Illsec) (cfs) 

Subcatchment P: open space wi th  good grass cover 

B o , 5 ' .  . . . . .  .. . . . . . . . . .  
t o  : 

__ - - - 
_ _ I _ - . . _ . .  . !  

. .  . .  

2 \b /a%% g&q 3 2  J-nJ L.'? 
rvpe 11 24-hr Rainla/1=2.55' pos t  dev West OSDF 

Prepared by GeoSplec Consultants v w  )301et Page 22 

Subcatchment 0: direct runon t o  pond 

HMroCADm 6.00 %In 000929 0 1986-2001 Appliod Microcomputer Svslemr 1129/2002 

[SS] Hint: Tcc2dt may require smallerdl 

RumH = 8.94 CIS @ 11.90 hn. Volume= 0.435 a1 

Runofl by SCS TR-20 method. UH=SCS. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type II 24-hrRainlaU=2.5S 

Area (ac) CN Descriplion 
2.252 98 

- 4 6 6 4  TC Length Slope Velocity CapaUty Descriplion 

1 .o 
(min) (leet) (IVlt) (IVsec) (CIS) 

Dlrecl Entry. 

S u b c a t c h m e n t o  direct runon  to  pond 
Hvdroaraoh Plot 

I - . . . .  - . . . . . . .  - 
. .  _ _ _ I  . . . . . .  

. ,  
post dev West OSDF 
Prepared by GeoSynlec Consultants 

Type I/ 24hr Rainfa//=2.55' 
Page 24 

ln912003 H@mCAD@ 6 00 rln 000929 0 1986-2001 Applied Mcmcornpuler SGlarnr 

Reach 1: west channel  

[651 Warning: Inlet elevation mi specified 

Inflow = t.8Ocfs @ 12.13 nn. Volume= 0.144 a1 
Oumow = 1.65 cfs @ 12.26 hn. Volume= 0.143 af. Anen- 8%. Lag= 7.6 min 

Routing by Slor-lnd+Trans metnod. lime Span= 0.00-24.00 hn.  dl= 0.05 h n  
Max. Velociry; 1.6 Ips. Man. Travel Time= 4.1 mm 
Avg. Velocity= 0.8 Ips. Avg. TravelTimel 8.4 min 

Peak Deplh= 0.48' 
capautyat bank IUII= 223.61 cfs 
0 . 0 0  x 3.00 deep channel, n= 0.030 Length= 400.0 Slope= 0.0075 'r 
Side Slope 2-value- 3.0 6.0 T 

Reach 1: west  channel 

Hydmgraph PI01 

000336 



posl dev West OSDF 
Prepared by GeoSynlec Consullanls 

r y p  I /  24-hr Rainla/l=Z.55' 
Page 25 

~ydmC~C@6.00 SI" 000929 0 1986-2001 Applied MicrommpUIei Systems 1/29/2002 

Reach 2: west channel 

1651 warning: Inlet elevalion not specified 

Innow = 4.70 CIS @ 12.18 hrs. Volume= 0.424 af 
\"mow = 4.53 CIS @ 12.28 hn. Volume- 0.422 al. Atten= 4%. Lag= 5.8 min 

,outing by Smr.lnd+Trans method. Time Span= 0.00-24.00 hn. dl= 0.05 hls 
,lax. velocity= 2.1 Ips. Min. Travel Time= 3.2 rnin 

~ v g .  Velocity = 1.0 Ips. Abq. Travel Time= 6.4 min 

Peak Oepm- 0.10 

0.00 x 3.00 deep channel. n= 0.030 Lenglh- 400.0 Slope= 0.0075'r 
Side slope Z-value. 3.0 6.0 7 

B 
Capacily al bank lull= 223.61 CIS 

3d-p 3; rdcza\  1 / d X 2  
Post dev West OSDF 
Prepared by QoSynlec Consultants DBN i I 3 4  GL 
HydroCAD@ 6.00 sln 000929 0 1986-2001 Appliad MiCiOCOmpulOf Swtsms 

T y p  I /  24-hr RainfaD=2.55' 
Page 26 

1/29/2002 

Reach 3: west channel 

1651 Wam'ng: Inlet elevation mi speafied 

Inflow = 7.23 CIS @ 12.22 hrs. Volume= 0.707 af 
Oumow = 7.07 CIS @ 12.31 hn. Volume= 0.704 a!. Anen= 2%. ~ a g =  5.3 min 

Routing by Smr-lnd*Trans melhod. lime Span= 0.00-24.W hn. m= 0.05 hrs 
Max. Velocity= 2.3 Ips. Min. Travel Time= 2.9 min 
Avg. Velocity = 1 .Z Ips. Avg. Travel Time= 5.7 min 

Peak Deplh= 0.82' 
Capacily at bank full= 223.61 CIS 
0.00 x 3.00 deep channel. . n-0.030 Lenglh; 400.0 Slope= 0.00757 
Side Slope Z-va!ue= 3.0 6.0 'r 

Reach 2: west channel Reach 3: west channel 

. .  
as1 dev West OSDF 
repared by GeoSynlec Consullanrs 

Type / I  24-hr RainfaN=2.55" 
Page 27 

lR9Q002 N ! ! ! ~ ~ o o  $/e 000929 0 1986.2001 Appliad Mcrocnmpuler syllerns 

Reach 4: west channel 

[69 Warning: Inlet elevaUon no1 specified 

Inflow = 9 40 CIS @ 12.27 hn. Volume= 0.995 a1 
OumOw = 9.34 CIS @ 12.23 hn. Volume= 0.994 af. Anen= 1%. Lag= 1.2 mm 

Rouling by Slor-IndtTrans melhod. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Max. Velocily 2.5 Ips. Min. Travel Time= 0.6 min 
Awg. Velocity = 1.3 Ips. Avg. Travel Time= 1.2 min 

Peak Deplhn 0.91' 
Capacily at bank fuli= 224.44 cfs 
0.00 a 3.00 deep channel. n= 0.030 Lenglh= 90.0 Slope;. 0.0076 7 
Side Slope 2-value= 3.0 6.0 'f 

Reach 4: west channel 

Hydrognph PI01 

post  dev West OSDF 
Prepared by GeoSynlec Consultants 

Type / I  24-hr Raiflfa//=2.55' 
Page 28 

HydfOCADb6.W sln 000929 0 1986-2001 Applied Microcornpuler Sy.lerni 1/29/2002 

Reach 5: culvert 

1521 Hint: Inlet mnditions no1 evalualed . .  
[6Sl Warning: Inlet elevation mt specified 

Inflow = 9 34 CIS @ 12.29 hn. Volume= 0.994 af 
Oumow = 9.30 ds @ 12.31 hrs. Volume= 0.993 at. Anen= 0%. Lag= 1.0 min 

Routing by Slor-lnd+Trans method. Time Span= 0.00-24.00 ha. dl= 0.05 h n  
Max. Velocity. 2.9 Ips. Min. Travel Time; 0.6 min 
Avg. Velocity = 1.3 Ips. Abq. Travel Time= 1.3 rnin 

Peak Deplh= 0.63 
Capauty ai bank lull= 397.33 CIS 
A lacfor of 2.00 has been applied to me supplied slorage and discharge data 
72.0' Diameter Pips n= 0.024 Lenglhn 100 0 Slope= 0.0075 'f 

. 

Reach 5 culvert 

Hydrograph Plol ' 

. .  
:' - 4 -  

. _ _ . _ _ ,  - L  

, I  : '  , 

: - .  ... i 

' 

, .  
. ,  * 5 - . , . L  .(-r. 2 . '  : _ , _ _ .  : -  . 

: I  
' , : ( I  . .  ; . .. . . I . . . 

9 '  . .  
y a > . .  . 

, '  , 4 . . .. - . - .. 

0 I I 3 4 5 8 7 I 9 10 #I ( 2  il I 4  15' 16 i 7  la 19 20 28 12 21 24 
l h  (houn) 

000337 



/ .  - 
. . . .  - ..... - .. - . . . . . . . . . . .  - .. /. c _  . . . . .  ..: _ ' -  - -. . 
. ' . ' . l  

.... . . . . . . . . .  _ _  L - : . . _  - - _:. 1 -  - 0 

- - ! - 2  - .., -'-L - -  * 
_ _  . . . . . . . . . .  - - . - , o ,  

0 3  . .  . . .  
. . . . .  . .  . . . . . . . . . .  . . ... .......... 

. . . .  

. .  , 

: - ., - - 2 - 
. .  I .  

. .  . .  

. .  . .  : .  
. .  



posr d e v  West OSDF Type I /  24-hr Rainla//=2.5Y post  dev  West OSDF A',/ 3-" T y p  // 24-hr Rainla//=2.55' 
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nydroCA006.00 a h  000929 0 1986.2001 Applied M8cmcOmpubr S w a m $  1R9/200;L HydroCAO06.00 am OW929 0 1986-2001 Aopliod MicrosDmpv Systems 1/29/2002, 

Reach 10: access road diversion channel 

[431 Hint: Has M inflow(Oul&awsZem) 

Oumw = 0.00 cfs @ 0.00 hr5. Volume= 0.000 af 

q Velouty = 0 0 Ips. Avg Travel Time= 0 0 man 

W P e a k  Depth= 0.00' 
Capacily at bank full= 32.43 CIS 
o no' x 1.50 deeo channel. n= 0.030 LeWlh= 260.0 Sione= 0.0148'r 

Reach.11: access road  d ivers ion channel  

[65] ,Warning: lnlel elevation MI speo'lied 

lnllav = 1.34 CIS @ 12.06 hfs. Volume= 0.087 af 
O u ~  5 1.23 CIS @ 12.16 hrs. Volume= 0.085 af. Anen= 8%. Lag= 5.9 min 

Routing by Stor-lnd*Trans method. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Max. Velociy 1.6 Ips. Mm. Trave Time- 3.3 min 
A q .  Velocity = 0.7 Ips, Aw. Travel Time= 7.2 min 

PeakDepm=0.51' 
Caoacilv at Bank full= 8462 cfs 

, 
0.00 x ,2750. deep &I-&>. n= 0.030 Lenglh= 310.0 Slope= 0.0066'f 
Side Slope Z.va~ue= 3.07 

Reach 1 0  access road  diversion channel 

Hydrograph Plol 

' . .  I .  . .  . .  . .  
' . , i ' . , ( "  . .  

' , , ' . ! ! S : ' . j  

os1 dev West OSDF 
repared by GeoSynlec Consultants 

Type /I 24-hr Rain/a//=2.55" 
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i l u d m Z A ~ 6 . 0 0  Un 000929 0 1986-2001 APDlied MiCrOCOmDUIeI Sy.lems 1/29/200a 

Reach 12: culvert 

B 
[521 Hinl: Inlet wnditions MI evalualed 
1651 Warning: Inlet elevaiion MI specified 

lnnow = 4.73 CIS @ 12.17 hn. Volume= 0.401 a1 
Oudtow = 4.67 cfs @ 12.16 hrs. Volume; 0.401 af. Anen= 1%. Lag= 0.7 min 

Rorning by Smr-lnd+Trans melhod. Time Span= 0.00-24.00ius. dt= 0.05 hn 
Max. Velociry; 4.9 Ips. Min. Travel Times 0.4 min 
Avg. Velocity = 2.1 Ips. Avg. Travel Time= 0.9 min 

Peak Depth= 0.28 
Capacity at banL full= 1.1 12.19 cfs 
A lactor of 2.00 has been applied to me supplied slorage and discharge data 
72.0'Diameler Pipe n= 0.013 Length- 116.0 Slope= 0.0172T 

Reach 12 culvert 

4 6 6 4  
Reach 11: access road  d ivers ion channel  

Hydrognph Plol 

nm. thou,.) 

post dev  West OSDF 
Prepared by GeoSynlec Consultanls 

Type I /  24-hr Rainfa//=2.55' 
Page 36 

lf29I2002 HydroCAOd 6 00 %In 000929 Q 1986-2001 Applied Micmcompulat Syrlams 

Reach 13: culvert 

152 Hint Inlet mndiliow not evalualed 
' ' [651 Wariing: lniet eleva$n not specified 

Inflow = 0.86 CIS @ 12.12 hffi. Volume= 0.067 af 
Oudtow = 0.85 CIS @ 1213 hrs. Volume- 0.067 af. Anen= 1%. Lag= 0.7 min 

Routing by Stor-lnd+Trans method. Time Span= 0.00-24.00 hrs. dl= 0.05 h n  
Max. Velocity. 2.8 Ips. Min. Travd Time- 0.4 min 
Avg. Velocity = 1.7 Ips. Avg. Travel Time= 0.6 min 

Peak Depth- 0.13' 
Capacity a1 bmk lull= 1.040.04 CIS 
A fanor 01 2.00 has been applied to the supplied slorage and discharge data 
72.0' Diameter Pipe n= 0.013 Length= 65.0 Slope- 0.0151 'I 

Reach 1 3  culvert 

0 8' 
01 

0 I! 
01 

0 I !  
01 

0 fi! 
08 

1 0 5 1  
2 0 3  : O.! = 0 4  

0 1 5  
3 1  

0 25 

0 2  
0 15 

0 05 
0 

000333 



post d e v  West  OSDF 
Prepared by GeoSynlec Consullants 
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HydmCAOO6.OO Sln 000929 Q 1986-2001 Applied Micmcompulsr Svrtarn. 1129/2002 

R e a c h  14, culvert 

I521 Hnl: Inlet mnditiom MI evalualed 
[651 Warning: Inlet eleVaUOn MI specified 

'nflow = 1.48Cls @ 11.97 hrs. Volume' 0.070 af 
)udlow = 1.43CfS @ 11.99 hs. Volume= 0.070 af. Anen= 3%. Lag= 1.2 min 

touting by Stor-lnd+Trans melhod. Time Span= 0.00-24.00 hrs. dt- 0.05 hrs D Max. Velocity= 2.8 Ips. Min. Travel Time= 0.7 min 
Avg. Velocity = 1.3 Ips. Avg. Travel Time= 1.4 min 

Peak Depth= 0.19' 
CapaciIy at bank lull= 822 56 cfs 
A lactor of 2.00 has been appried lo the suppried storage and discharge data 
72.0' Diameter Pipe n= 0.024 Length; 112.0 Slope- 0.0321 7 

Reach 14 culvert 

_ .  - . .. . .. . 

y r u .  . % - - I  j l , c S i v  1 dLU& 9)tP 3tp-rJ ryw I/ 24-hr Rainfa//=2.55" 
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post d e v  West  OSDF 
Prepared by GeoSyntec Consutlanls 

1/29/2002 HydroCADO 6 00 sln 000929 Q 1986.2001 Applied Mtcroc~mp~(er  Spismr 

Pond 1P: Sedimentat ion Basin 2 

tnnow = 14.16cfs@ 12.44 hn.  Volume= 2.589al 
OumOw = 0.00 cfs @ 0.W hrs. Volume= 0.000 af. Anen= 100%. Lag- 0.0 min 
Pnrnary = 0.00 crs @ 0.00 hrs. Volume= 0.000 af 

Routing by Stor-lnd method. Time Span= 0.00-24.00 hR. dl= 0.05 hrs 

Peak EleP 572.0s Storage. 2.388 at 
Plug-Flow delention lime= (no1 calculaled) 
Storage and wened ,?reas delemined by Conic sections 

Elevation SudArea Incdtore Curn.Sfore We\.Area 
(feel) (acres) (acre-feet) (acre-feet) (acres) 

570.50 1460 0.000 O.Oo0 1.460 
571.00 1.512 0.743 0.743 1.513 
572.W 1.614 1.563 2.306 1.617 

3.969 1.719 573.00 1.713 1663 
574.00 1.819 1.766 5.735 1.827 
575.00 1.917 1.868 7.602 1.928 
576.00 2.026 1.971 9.574 2.039 
577.00 2.162 2.094 11.667 2.177 

Primary OuIFlow (Free Discharge) 

4 6 6 4  

# Routinq lnven OutlelDences 
1 Device 2 575.53' 48.0" Horfr OriRcelGrale Limited 10 weir flow C= 0.600 
2 Primary 570 7 8  36.0" x 68O.O'lonrt Culven KF 0 . 7 ~  

Ouuet invert= 563.50. S= o.otio 7 & 0.024 cc= 0.900 
3 P r i i r y  576.00' 20.0' iong BroadCresIed Rectangular Weir 

Head (feel) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
Coel.(English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

000340 
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Written by: -) D m  Date:1129/2002Reviewed by: f Date: 3 :idd 02 

Client: Project:_aSDF Phaw V Project N o . : m I  142 Task N o . : X  

GEOSYNTEC CONSULTANTS 

phase V 
B 

WEST OSDF POST-DEVELOPMENT DESIGN SCENARIO 
25-YEAR9 24-HOUR STORM EVENT 

-- 
dB- 

1/29/2002 

000341 
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33% J a w  
post dev West OSDF Type II 24-hr Rainfall=4.70" 
Prepared by GeoSyntec Consultants &f &?;3/\lffL Page 1 
HvdroCAD@ 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems Bf?m i /Tu/c Z 1/29/2002 

Pond 1P: Sedimentation Basin 2 
- 4 6 6 4  

Inflow = 62.13 cfs @ 12.30 hrs, Volume= 7.355 af 
Outflow = 0.00 cfs 62 0.00 hrs, Volume= 0.000 af, Atten= I OO%, Lag= 0.0 min 
Primary = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af 

Routing by Stor-lnd method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs 

Peak Elev= 574.87' Storage= 7.351 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Conic sections 

Elevation 
(feet) 

570.50 
571 .OO 
572.00 
573.00 
574.00 ' 

575.00 
576.00 
577.00 

Surf.Area 
(acres) 

1.460 
1 S I 2  
1.614 
1.71 3 
1.81 9 
1.917 
2.026 
2.162 

lnc.Store 
(acre-feet) 

0.000 
0.743 
1.563 
1.663 
1.766 
1.868 
1.971 
2.094 

Cum.Store 
(acre-feet) 

0.000 
0.743 
2.306 
3.969 
5.735 
7.602 
9.574 

11.667 

Wet. Area 
(acres) 

1.460 
1.51 3 
1.61 7 
1.719 
1.827 
1.928 
2.039 
2.177 

Primary OutFlow (Free Discharge) 
2=Culvert 
+1 =Orifice/Grate B L -  3=Broad-Crested Rectangular Weir 

# Routing Invert Outlet Devices 
1 Device 2 575.50' 48.0" Horiz. Orifice/Grate Limited to weir flow C= 0.600 
2 Primary 570.78 36.0" x 680.0' long Culvert Ke= 0.700 

Outlet Invert= 563.30' S= 0.01 10 7' n= 0.024 Cc= 0.900 
3 Primary 576.00' 20.0' long Broad-Crested Rectangular Weir 

Head (feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

000342 
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post dev West OSDF 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type lI 24-hi Rainfalk4.70" 

- 4 6 6 4  Pond 1P: Sedimentation Basin 2 
Hydrograph Plot 
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HydroCADTM OUTPUT REPORTS 

DESIGN CASE “A” 
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GEOSYNTEC CONSULTANTS 
Written by: RanaM&’ @EM)&@b ate:1129/2002eviewed by: dcf Date: 3 d  J‘ddd’z 

Client: 3 ~ a d d J t u ~  Project:_aSZ1F Phace V Project N o . : a l U 2  Task  NO.:^ 

- 4664 

phase V 
P 

DESIGN CASE “A” 

25-YEAR9 24-HOUR STORM EVENT 

000345 



design case a 
Prepared by GeoSvntec Consultants 

Type I f  24-hr Rainlaf1-f. 70' 
Page 1 

U@~OCAOB 6.00 it0 003929 0 1986-2001 Applied Microsompular Syrlems li?9/200z 

Time span=0.0024.00 hn. dPO.05 hm. 481 points 
Runoff by SCS TR-20 method. UH=SCS. Type II 24-hr Rainfall=4.70' 

Reach muting by Stor-lnd*Trans m e w  - Pond muling by Slor-lnd method 

Subcachmenl A: liner runout 
1 ~ ~ 3 . 4  mm CN-89 Ama=I 927ac Runon* I2.05cfs 0.559.d 

Subcatchment B: construction laydown 
Tc-32.9 min CN-82 Arsa=O.880 ac Runoff= 2.02 cfs 0.205 af 

Subcatchmem C: connruction laydown 
lc-25.9mcn CN=82 Area=0.711 ac Runoff- 1.90cfs 0.166al 

0 
Subcatchmnl D: cOnnrUClion laydown 

Tc40.7min CNn82 Araa=0.654 ac Runoff= 1.57cfr 0.152 a i  

Subcatchment E: construction laydown 
1s-30.8 min CN=82 Alma1 287 as Runoff= 3.08 d r  0.299 a I  

Subcalchmenl F conlruction laydawn 
Tc=28.3 min CN42 Aioa=0.336 ac Runoff= 0.85 clr  0.078 a t  

vu.* ' 1  d y u -  &71W I d v -  
design case a 
Prepared by GeoSyntec Consultants 

&p 3,'4-&fdc. L. Type 1/24-hrRa;n/all=4.70" 
Page 2 

HydroCAOB 6 00 51" 000929 0 1986-2001 Applied Microcomputer S s l e m s  

Reach 8: new culvens 

1/29/2002 

Inflow= 24.73 cls 2.095 a1 
Length- 49.0' M a 1  Vel= 5.5 fps Cepacily- 647.72 cfs Oulbv- 24.61 cfr 2.094 af 

RunoH Area = 8.303 ac Volume = 2.099 af Average Oeplh = 3.03" 

- 4 6 6 4  

Svbcachmenl G: conslNction laydown 
Tc-9.8mm CN-82 Araasl.858 DC Runoff= 791 dr 0.435af 

Subcalchmenl H: construction laydownlpavement 
Tc=lS. I  m,n CN42 Arsa=0.650 a~ Runoff= 2.68 d a  0.205 af 

I"fbw= 2.02 cis 0.205 ai 
Lengths 80.0' Mas Vei= 2 7 fps Capacilp 677.07 cfr Outflow= 2.01 dr 0.204 af 

Inflow* 2.01 cis 0.204 af 
Lsnglh- 330.0 Ma% Vel= 2.1 fpr Cllpacllr 352.90 sfs Outfbw= 1.99 clr 0.204 a1 

Inflow= 8.41 ds 0.638 ai 
Lenglh- 55.0 Ma% Vel= 4 6 fps Capacily 8 13 23 cfr Outflow 8.33 cfr 0 618 af 

Infkws 1.90dr 0.166sf 
Lsnglhn 6 0 0  Mm'Jek  4.71~. Cdpaccly= 1.557.22cfr Oudbwr I 8 9  rfr 0.166af 

Reach 5: channel Inflow- 12.05 cls 0.559 a1 
Lenglhm 170.0 Mar Vel= 2.1 IPS CapaCtlF 6 0 . 7 8 ~ 1 ~  Oullbw= 1091 CfS 0.559af 

Reach 6: channel Inflow- 11.14 cfs 0 724 af 
Langlh= 230.0 Mar Vel- I 8 Ips Capacity- 12.79 CIS Oulflow- 11.05 C h  0 723 af 

Reach 7: channel Inflow- 20.18 CIS 1.51 3 a i  
Lgnglh; 1 8 5 0  M a r V e I .  43fpS Capaoly 138.21 CIS Oulflown 19.74Cfi 1.512af 

Reach 1: existlng culvetl 

Reach 2: channel 

Reach 3: exisllng culvens 

Reach 0: existing culvens 

esign case a T y p  I1 24-hr Raiflfal1=4.?0' 
by GeaSyntec Consultants Page 3 

1/29/2002 U&~CA006 00 sln 000929 0 1986.2001 Applrd M~crocompuler Svrlomr 

Subcatchment A: l iner  runout 

(491 Hint: TCC2dt may require smallerdl 

RUMR = l2.05cfs @ 11.94 hrs. Volume- 0.559af 

Runoff by SCS TR-20 merhod. UH=SCS. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type I1 24-hr Rainfal~4.70' 

TC Lenglh Slope Veloctv Capauy Descnption 

0.0 8 0.66W 30  Sheet Flow. 
(rnin) (feel) (Wh) (Wsec) (clsl 

Smoolh surfacer n= 0.01 1 P2= 2.60- 

Smoolh surface5 n= 0 01 1 P2= 2.W" 

Smoom surfaces n= 0.01 1 P2= 2.W- 

Smmn surlaces n= 0.01 1 P2= 2.60' 

Bot.W=O.OO D'2.50' 2- 3.0 & 50 0'1 no o 03 

0.3 18 0.0215 0 9  Sheel Flow. 

0.2 31 0.2500 2.7 Sheet Flow, 

1.2 90 0 0222 1.3 Sheet Flow, 

1.7 590 0 0100 5.7 949 93 TrapNeelRenChannel Flow, 

3.4 737 Total 

Subcatchment  A: liner runout 
Hydrograph Plol 

. . . . . .  ; I " 

10 . .  _ _  . . . 

design c a s e  a 
Prepared b y  GeoSyntec Consultants 

Type 11 24-hr Rainfall=4.70' 
Page 4 

HdroCAOb 6 00 rln 000929 0 1986-2001 Appl~d M*crocompuier Syrlamr 1/29f2002 

Subcatchment  8: construction l a y d o w n  

Runoff = 2 0 2 9 s  @ . 12.28 hrs. Volume= 0.205 af 

R u m V  by SCS TR-20 melhod. UH-SCS. Time Span= 0.0&24.00 hrs. dI= 0 05 hrs 
Type II 24-hr Rainfall=4.70' 

Area (ac) CN Desciiplion 
0.880 82 

Tc Length Slope Veloclly Capacity Desdption 

31.6 300 0.0125 0.2 Sheet Flow. 
(min) (feet) (WR) (Wsec) (ck)  

Grass: Shoi n= 0.150 P2= 2 60- 
1.3 145 0.0125 1.8 Shallow Concentrated Flow. 

Unpaved Kv;: 16.1 Ips 
32.9 445 Total 

Subcatchment  8: construction laydown 
Hvdroonoh Plol 

000346 



design case  a 
Prepared by GeoSpleC COrISullanlS 

Type / I  21-hr Rainland. 70' 
Page 5 

HdroCAOO 6 00 .In OW929 0 19&-2001 APPImd MiCroCOmPule.r Syrlams 1/29/2002 

Subcatchment C: const ruct ion laydown 

~ " m n  = 190cls@ 12.19hrs. Volume= 0.166 al 

RunOll by SCS TR-20 melhod. UH=SCS. Time Span- 0.0024.00 hrs. dl= 0 05 hrs 
Type II 2 4 - l v  Rainla11=4.70' 

Area(ac) CN Description 
0.711 82 

TC Lerqlh Slope VelOcify Capacity Description 
(min) (feet) (lllll) (IVsec) (CIS) 
25.9 260 0.0154 0 2  Sheet Flow. 

Grass: Shon n= 0.150 P2= 2.60 

f 
; 
Y 

Subcatchment C: construction laydown 

Hydrograph Plot 

sign case a ryp N 24-hr Rainfa//=4.70 
Page 7 repared by GeoSynrec Consullanrs 

Y f i C A m 6 . 0 0  rln 000929 0 1986.2001 Applied Micmcompulei S p l s m r  112912002 

Subcatchment E: construction laydown 

). 
. .  Runon = 3.08 cis @ 12.25 hrs. Volume- 0.299 a l  

RUMH by SCS TR-20 melhod. UH'SCS. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type I1 2441 RainfaI1=4.70' 

Area lac) CN Description 
1.287 82 

TC Lenglh Slope Vebcity Capacity. Desuiplion 

30.8 300 0.01U 0.2 Sheel Flow. 
(minl (feet1 (WR) (IVsec) (CIS) . 

Grass: Sh6n n= 0.150 P2= 2.60' 

Subcatchment E: construction laydown 

B 

design case a 
Prepared by GeoSynlec Consullanls 
HVdroCACYS 6.00 %In WW29 0 1986-2001 Applied Mlsroc~mpvtor Syx1.m~ 

*t 2 .;=-in/ di  '2 Type /I 24hr  Rainlall4.70" 
Page 6 

1/29/2002 

Subcatchrnent D: const ruct ion laydown 

RUMW = 1 . 5 7 ~ 1 ~  @ 12.25 hrs. Volume- 0.152 al 

RunOK by SCS TR-20 melhod. UH=SCS. Time Span= 0.0024.00 hn. dl= 0.05 hrs 
Type II 24-hr Rainfall=4.70' 

Area (ad CN Description A A 
0.654 82 L9 41. 

TC Lenglh Slope Vehxily Capacity Descnplion 

6.6 . 85 0.0500 0.2 Sheet Flow, 

23.4 215 0.0135 0.2 Sheet Flow. 

(rnin) (reel) (~IJII) (IUsez) (ch) 

Grass: Shon n- 0.150 P2- 2.60' 

Grass: Shod n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 fps 

Bol.W=O.OO 0=1.50' 2; 30' f  n=O.030 

0.3 30 0.0136 1.9 Shallow Concentraled Flow, 

0.4 60 0.0050 2.8 18.84 TrapNeeRcct Channel Flow, 

30.7 390 Total 

Subcatchrnent D: construction laydown 

Hydmgkph Plol 

llm. Ihoun) 

design case a 
Prepared by GeoSynlec Consultants 

Tyw /I 24hr  Rainlall4.70" 
Page 8 

HydroCAILg 6.00 .In 000929 0 1986-2001 AppLsd Micmmmpuret Svrlerns 1/29/2002 

Subcatchrnent F construction laydown 

Runon = 0.85cfs @ 12.22hrs. Volume= 0.078al 

Runon by SCS TR-20 melhod. UH=SCS. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainfall=4.70' 

Area (ac) CN Description 
0.336 82 

TC Lerqlh Slope Velocily Capacity Descriplion 

0.1 20 0.3750 2.9 Sheet Flow. 

5.0 60 0.0500 0.2 

4.3 55 0.0600 0.2 Sheet Flow, 

17.7 165 0.0161 0.2 Sheet Flow, 

(rnin) lleel) (Wh) (hlsec) (cis) 

Smwlh Sheet Flow. surfaces n= 0.01 I P2= 2.W 

Grass: Shon ns 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60- 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved KV= 16.1 rps 
1.2 150 0.0161 2.0 Shallow Concenlraled Flow, 

28.3 450 Total 

000347 



design case a 
Prepared by GeoSynlec Consutianls 

T y w  11 24-hr Rain/a/l=4. 70" 
Page 9 

HdroCADB 6.00 d n  000929 0 1986-2001 Applied Microcornpuler S-ioms 1/29/2002 

Subcatchment G: const ruct ion laydown 

Runon = 7.91 CIS @ 12.01 he. Volume= 0.435 af 

Rum11 by SCS TR-20 method. UHZSCS. Time Span= 0.00-24.00 hn. dt= 0.05 h e  
.pe 1124-hr RainlaW4 70' 

Area (ac) CN Descrlption 
1.858 82 

TC Length Slope Velocily CapanIy Description 

8.9 85 0.0235 0.2 Sheel Flow. 
mm) (feel) (Wh) (Ivsec) (cls) 

B ,  
Grass: Shon n= 0.150 P2= 2.60' 

BOt.W=O.OO 0.2.00' Z= 4.0 h 6.0 7 n= 0.010 
0.9 330 0.0150 6.0 119.69 TrapNeelReR Channel FIOW. 

9.8 415 Tot4 

Subcatchment G: const ruct ion laydown 

o'.* rj f d o e  
design case a '2 p *jc(J-fi4 c Ty~II24-hrRain/a/l=4.70' 

Page 10 Prepared by GeoSyntec Consullanh 
1129/2002 HydroCADO6 00 slA 000929 0 1986-2001 A Q & & o r & \ i ~ ! ~ L  

Subcatchment H: construction laydownlpavement 

Rurmll = 2.68cfsQ 12.11 hrs. Volume= 0.205 af 

Runon by SCS TR.20 method. UWSCS. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type I1 24-iv Rainfall=4.70' 

c Area (ac) CN Description 0.650 92 ' ' A M A  
Tc Length Slope Velocity Capaciry Desm'ption 

Sheet Flow, 
SmwIh surlaces n= 0.01 1 P2= 2.60- 
Sheet Flow. 
Grass: Shon n= 0.133 P2= 2.60' 

Subcatchment H: construction laydownlpavement 

(min) (feet) ' (fvlt) (IUsec) (CIS) 
2.1 165 0.0182 1.3 

17.0 1150.0087 0.1 

19.1 280 Total 

esign case a 
repared by GeoSynlec Consultants 

Type  I/ 24-hr Rain/ab4.70" 
Page 11 

1/29/2002 HdroCAD06.00 sin 000929 0 1986-2001 Applisd Microcompulsr S-ioms 

Reach 1: exist ing culvert 

c 
(521 Hint: Inlei mndibns not evaluated 
(651 warning: Inlet elevation mi specifma 

Inflow = 2.02 CIS Q 12.28 hrs. Volume= 0.205 a1 
'Oumow = 2.01 cfs Q 12.29 hrs, Volume= 0.204 al. Anen= O X .  ~ a g =  1.0 min 

Rwtlng by Slor.lnd+Trans melhod. Time Span= 0.00-24.00 hls. dl= 0.05 hm 
Max. Velociry. 2.7 Ips. Min. Travel Time= 0.5 min 
A q .  Velocity = 1.2 Ips. A q .  Travel Time- 1.1 min 

Peak Depth- 0.24' 
Capaciiy at bank lull= 677.07 CIS 
A laclor 01 2 00 has been applied 10 Ihe supplied storage and discharge data 
72.o'Diameler Pipe n= 0.018 Length: 80.0 Slope= 0.0123 7 

Reach 1: exist ing culvert 

Hydrognph Plot 
. . .  . .  , .  . .  , .  . .  . !  

. . .  
. . .  

design case a 
Prepared by GeoSynrec Consultants 

Type / I  24-hr Rain/a//=4.70" 
Page 12 

1129/200~ HydroCADB 6 00 rln 000929 0 1986.2001 Applied Microcornpuler S-isms 

Reach 2: channel 

1651 Warning: Inlet elevalwn mi specified 

Inflow = 2.01 CIS @ 12.29 hrs. Volume= 0.204 ai 
Outflow = 1.99 cls Q 12.37 h e .  Volumei 0.204 al. Anen- 1%. Lag= 4.6 min 

Routing by Slor-lnd*Trans method. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Max. Velocity= 21 Ips. Min. Travel Tlme= 2.6 min 
Avg. VecOciry = 1.0 IPS. Avg. Travel Time= 5.8 min 

Peak DepIh= 0.43 
Capacity at bank lull= 352.90 cfs 
0.00 x 3.00 deep channel. n= 0.030 Length= 530.0 Slope= 0.01Y) 7 
Side Slope 2-value- 4.0 6.0 T 

Reach 2 channel 

000348 



design case a 
prepared by GeoSynlec Consullanls 
H N m C A m  6.00 dn 000929 0 1986-2001 Applled MICmCOmpU1.r Syrterns 

rype I /  24-hrRainfa/l=4.70" 
Page 13 

Il29/2002 

Reach 3: exist ing culverts 

1521 ~ h t :  lnlel wrditmw MI evaluated 
[65] wamlng: Inlet elevation mt spedfied 

flow 8.41 CIS @ 12.02 hn. Volume= 0.638 a1 - jdlow = 8.33 CIS @ 12.02 hn. Volume= 0.638 al. Anen= 1%. Lag= 0.4 min 

j u t i q  by Stor-lnd+Trans melhod. Time Span= 0.00.24.00 hn. dt= 0.05 hn 
ax. vdbcinp 4.6 fps. Min. Travel Time- 0.2 min E Avg. Velocity= 1.7 Ips. Avg. Travel T i e =  0.5 min 

Peak DepW 0.45 
Capadly at bank lull= 813.23 CIS 
A l x l o r  01 2.00 has been applied Io me supplied slorage and discharge dala 
72.0'Diameln Pipe n= 0.010 Length= 55.0  Stope= 0 00557 

Reach 3: exist ing culverts 

Hydrograph PI01 

u PI"\ t I * ' I M I ,  '& rJ- 1 / 0 u 0 

..) *h/ Type / I  24-hr Rainfal/=4.70' 29 3."- Page 14 
design case a 
Prepared by GeoSyntec Consullants 
HvdroCADO 6.00 *In 000929 0 1986-2001 Applied MiCmCOmpulor Syslorns 112912002 

Reach 4: exist ing culverts 

1521 HiN: lnlel mndiUDN MI evaluated 
1651 Wamhg: Inlet elevation ml specified 

Inflow = 1.90cls@ 12.19 hn. Volume= 0.166 a1 
Oudlow = 1.89 cls @ 12.20 hn. Volume= 0.165 al. Anen= 0%. Lag= 0.4 min 

Rouling by Slor-lnd+Trans method. Time Span= 0.00-24.00 hrs, dt= 0.05 hrs 
Max. Velociv- 4.7 Ips. Min. Travel Time= 0.2 min 
Avg. Velocity 2.5 Ips. Avg. Travel Time= 0.4 min 

Peak Depth= 0.16' 
- 4 6 6 4  

Capacity ai bank full= 1.557.22 CIS 
A laclor 01 2.00 has been applied to me supplied slorage and discharge dala 
72.0' Diameler Pipe n= 0.010 Length= 60.0 Slope= 0.0200 '1 

Reach 4 exist ing culverts 

Hvdrmranh Plot 

isign case a 
repared by GmSynlec Consullanls 

r Y p  / I  24-hrRain/al/=470" 
Page 15 

H~r.v7ADi96.00 $In 000929 0 1986-2001 Applied Micmcrrmpuler Syrlsmr li29/200? 

Reach 5: channel  

b 
1651 Warning: lnlel elevation MI spealied 

Inflow = 12.05 CIS @ 11.94 hn. Volume- 0.559 a1 
Oulilow = 10.91 ds @ 11.97 hR. Volume- 0.559 al. Anen= 10%. Lag= 2.0 min 

Routing by Smr-lnd+Tm method. T i e  Span= 0.00.24.00 hR. dl= 0.05 hrs 
Max. Velociw 2.1 Ips. Min. Travel Time= 1.3 min 
Avg. Velociiy = 0.7 Ips. Avg. Travel Time= 3.8 min 

Peak Deplh- 1.34' 
Caoadtv at bank lull= 60.78 cfs 

design case a 
Prepared by GeoSyntec Consultants 

T y p  / I  24-hr Rainfall*. 70" 
Page 16 

HydroCAD@6.00 dn WW29 0 1986-2001 Applied Mi~roc~mpuler  Syrlsrni , 1/29/2002 

Reach 6: channel . 
1651 Warning: Inlet elevation not specified 

Inflow = 11.74~1s @ 11.97 hrs. Volume= 0.724 a1 
Oumow = 11.05 ds @ 12.03 hrs. Volume= 0.723 al. Anen= 6%. Lag= 3.6 rnin 

Rouling by Slor-lnd+Tmns meltad. Time Span= 0.00-24.00 hn. dt= 0.05 h n  
Max. Velocity= 1.8 Ips, Min. Travel Time= 2.1 min 
Avg. Velocity = 0.7 Ips. Avg. Travel Time= 5.6 min 

Peak Deplh; 1.44' 
Capadly at bank lull= 12.79 ds 
0.00 a 1.50' deep channel, n= 0.030 Length= 230.0 Slope= 0.0023 7 
Side Slope 2-value= 3.0'1 

Reach 6: channel 

Hydrograph PI01 

nm. IhO",,, 

000349 



Tvpe I /  24-hr Rainlal/=4.70' 
Page 17 

l ns rzoo~  

design case a 
Prepared by GeoSpleC Consultants 
HydroCAmB6 00 d n  000929 0 1986-2001 Applted M~CIOCOmpUler Smtoms 

Reach 7: channel  

[6s] Warning: Inlet elevation MI speciSed 

lnllow = 20.18cfs @ 12.03 hn. Volumes 1.513al 
OumoW = 19.74CfS @ 12.05 hn. Volume= 1.512al. Anen= 2%. Lag= 1.2 min 

Routing by Stor-lnd+Trans rnelhod. Time Span= 0.00-24.00 hn. dt= 0.05 hn 
ax. Velocity= 4.3 Ips. Min. Travel Time= 0.7 mm 

~ v g .  Vebcity = 1.6 Ips. Avg. Travel Time= 1.9 min e Peak Depth- 0.97' 

Capacity at bank lull= 138.21 cis 
0.00 I 2.00 deep channel. n= 0.030 Lenglh; 185.0' Slope= 0.0200 'r 
Side Slope Z-value= 4.0 6.0 7 

Reach 7: channel 

Hydrograph Plol 

w \ .~qc%L d 3 U  /d 0- 
design case a 
Prepared by GeoSyntec Consuliants 
HrJroCADb6.00 ?iln000929 0 1986-2001 Applied Microcomputer Splems  

s y  3 rcr,.++J 0 2 Type / I  24-hr Rainlall=4.70" 
Page 18 

1/29/2002 

Reach 8: n e w  culverts 

(521 Hinl: Inlet mnditiom mt evaluated 
(651 Warning: Inlet elevation no1 spw'fied 

tnnow = 24.73 cfs @ 12.06 hn. Volume= 2.095 af 
Outflow = 24.61 cfs @ 22.07 nn. Volume= 2.094 af. Anen- OX. Lag= 0.2 min 

Routing by Stor-lnd+Trans method. Time Span= 0.0024.00 hn. dl= 0.05 hrs 
Max. Velocity= 5.5 Ips. Min. Travel Time= 0.1 mi" 
Avg. Velocity = 1.8 fps. Avg. Travel Time= 0.4 min 

= 4 6 6 4  Peak Depth= 0.80' 
Capacity at bank full= 647.72 cfs 
A fanor of 2.00 has been applied to me supplied storage and discharge dala 
72.0' Diameter Pipe n= 0.017 Length= 49.0' Slope= 0.0100 ' r 

Peak Oenlh=O 8 0  A I I ~  ... 

= 4 6 6 4  ~~. 
Capacity at bank full= 647.72 cfs 
A fanor of 2.00 has been applied to me supplied storage and discharge dala 
72.0' Diameter Pipe n= 0.017 Length= 49.0' Slope= 0.0100 ' r 

Reach 8: new culverts 

Hydrognph Plol 

. . .  . . .  

000350 
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D 
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WEIGHTED CURVE NUMBER CALCULATIONS 
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RESULTS FOR THE CALCULATION OF WEIGHTED CN 
East OSDF Construction Design Scenario 

I - 4 6 6 4  

000352 



a a 3 / a g ~  
2f ' 3 E J d = 2  
DBH Lpf+L 

- $664 
RESULTS FOR THE CALCULATION OF WEIGHTED CN 

West OSDF Construction Design Scenario 

M 

N 

0 

P 

0.96 I001 C runon north of borrow area I9 19 

1.04 100% C construction laydown 82 82 

2.25 100% NIA direct runon to pond ;. . 98 9a 

0.94 I001 C construction laydown 82 82 

N/A - Not Applicable 

C atlachmentdC2 West OSDF 

,. 
000353 



RESULTS FOR THE CALCULATION OF WEIGHTED CN 
Easl OSDF Post Development Design Scenario 

000354 



B 

kl 

N 

0 

P 

&e 3c.rd"" 
DBM 11 3 d c L  RESULTS FOR THE CALCULATION OF WEIGHTED CN 

West OSDF Post Development Design Scenario 

- 4 ' 6 6 4  

0.96 100% C runon nonh of borrow area 79 79 

I .04 100% C grass area 14 74 

2.25 . , , l00% NIA direct runon IO pond 98 98 

0.94 100% C grass arca 74 74 

C atlachments/CZ West OSDF PD 000355 



3*/28& 
Dgu-\\\sc;lst 
J L p  y d z 4 d a  

RESULTS FOR THE CALCULATION OF WEIGHTED CN 

Design Case "A" - 4 6 6 4  

Subcatchment 

Label 

A 

B 

C 

D 

E 

F 

G 

Area Percent HSG 

of Total Area 

(acres) % 

I 93 100% BIC 

0 88 100% C 

0 71 100% C 

0 65 100% C 

I29  100% C 

0 34 1 00% C 

I 8 6  100% C 

Land Use 

Description 

liner runout 

construction laydown 

construction laydown 

construction laydown 

C atIachments/C2 DC A 

CN Weighta 

CN 

89 89 

82 82 

82 82 

82 82 

construction laydown 82 82 

construction laydown 

pavement 

82 82 

. . .  

92 98 

OOQ3S6 

. H  
. .  

0.65 608 C 

40% C construction laydown 82 
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GEOSYNTEC CONSULTANTS Page 5131 of 3’233 
Written by: Dana hlehlman (DBM) m H  Date: 1/29/2002 Reviewed by: g& p Date: % J - A d o 2 -  

Client: Fluor Fernald, Inc. Project: OSDF PHASE V ProjedProposal No.:C01342 Task No.:l7 

- 4 6 6 4  
EXAMPLE CALCULATION FOR WEIGHTED CURVE NUMBER OF SUBCATCHMENT J 

OF THE EAST OSDF CONSTRUCTION-PHASE DESIGN SCENARIO 

PURPOSE 

The computation below illustrates the method for calculating a composite curve number (CN) for a 
subcatchment area comprising more than one CN. This CN value is used as one of the input parameters 
in the computer program “HydroCAD” for computing runoff. 

CALCULATION PROCEDURE 

The composite CN for a subcatchment area comprising more than one CN is calculated by summing 
the products of each CN multiplied by its percentage of the total area. 

DATA VERIFICATION 

The table below lists the CN’s for subcatchment area J of the East OSDF Construction-Phase 
Design Scenario grouped according to Hydrological Soil Group (HSG), the contributing percentage of 
the total area for subcatchment area J, and land use. 

HSG Percent of Area Land Use CN 
Description 

Construction 
Support Zone 

Construction 
Support Zone 

CALCULATIONS 

Weighted CN = (74)(0.10)+(82)(0.90) 

1/29/02 0043357 
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phase V 

ATTACHMENT C-3 

TABULATED ANALYSIS RESULTS FOR CHANNELS 

A=- -- 
1/29/2002 



OSDF CONSIIIUCTION/I.'ILLINC l'ElU01) CONDITIONS 
SlJhlAlAHI' O F  CHANNEL ANALYSIS RESULTS 

Hydrolopic Calculaioiir 
HydroCAD HydroCAD 

Node Q"' 

19 
20 
30 

22 

29 
24 
26 

Hydraulic Calculations 
Areaof Perimeter Hydraulic P u k  Row Giimatcd Channel pcDk FI,," Lining 
Flow P RRdiui. R Dcpih'" 0''' Freeboard'" Velocity Type'" 

nc\v E OSDF 
new E OSDF 

"e," E OSDF 

l lrw E OSDF 
new E OSDF 

new E OSDF 
new E OSDF 

new E OSDF 
new E OSDF . 
new E OSDF 
nnv E OSDF 

new E OSDF 
t1ew E OSDF 
new E OSDF 

new E OSVF 

Section 
Shape 

w e  

trapezoidal 

trapezoidal 
trqezoidal 
rrapezoihl 

trapezoidal 

V t C  

vcc 

vec 
"ee 

vee 

vee 

w e  
trapezoidal 

1 V e e  

Chmnel Charactcrisiics 
Minimum Longitudinnl Manning Bottom Side Si& 
Channel Slopc"' n Width Slope Slope 

Depth (h)  (%) B(r t )  M,:i M?:I 

4.0 1.00% 0.030 0 6 3 
4.5 0.46% 0.030 IO .' 3 3 
3.5 0.45% 0.030 10 : 3 3 
2.0 0.45% 0.030 I O  * . , 3  3 
2.0 0.45% 0.030 IO ' 3 ,  3 
2.0 0.45% 0.030 20 3 3 

3.0 1.00% 0.030 0 3 3 
3.0 0.90%. 0.030 0 3 3 
3.0 0.83% 0.030 0 3 3 
2.5 1.00% 0.030 0 3 3 
3.0 1.00% 0.030 0 3 3 

4.0 1.00% 0.030 0 3 3 

3.5 1.00% 0.030 0 3 3 
2.0 0.75% 0.030 8.5 3 3 

2.5 0.75% 0.030 0 3 3 

L 
7 new W OSDF V K  4 0.75% 0.030 0 3 3 8 - 1 2  66.37 14.92 14.10 1.06 2.23 66.62 I .8 4.47 grass 

Y ne\" w OSVF V W  4 0.75% 0.030 0 3 3 B + P  97.09 19.81 16.25 1.22 2.57 97.27 I .4 
Y 5.03 0.8 3.47 grass cririitip W OSDF \'re 

10 nrw W VSVF \.et I S  1.411% 0.030 0 3 3 I O + F  Y.68 2.71 6.01 0.45 0.95 9.6 I 0.6 3.55 g m s  

4.91 grass 

I .5 2.61% 0.030 0 3 3 Y + H - I  5.21 1.35 4.24 0.32 0.61 

I1 nrw w OSUF vre 2.5 0.66% 0.030 0 3 3 I I + G  27.01 7.97 10.31 0.77 1.63 27.09 0.9 3.40 grass 

existing uc A vcc 3.0 1.50% 0.030 0 4 6 I + G  8.82 2.81 7.65 0.37 0.75 11.77 2.3 3.12 grass 
5 ne\v UC A \'re 2.5 0.34% 0.030 0 3 3 5 12.05 5.63 8.66 0.65 1.37 12.16 1.1 2.16 grass 
6 new DC A VK 2.5 0.23% 0.030 0 3 3 6 + D  12.43 6.66 9.42 0.71 I .49 12.53 I .AI 1.18 grass 
7 ciisiing I l c '  A VCC 2.0 2.00% 0.030 0 4 B 7 + E  21.87 5.10 10.36 0.49 1.01 22.4 I I .0 4.39 grass 

2 P -  T -  I. DD 

I I - G G  
I 2 + H H  

I P - u - v  

23 

27 

(cfs) A (ss fl) 
67.02 14.74 

18.66 1.04 1.37 66.66 3. I 3.45 

? . I  3.4 I 1.37 65.93 18.66 1.04 

19.30 1.10 1.47 75.10 0.5 3.55 
0.5 3.57 19.42 1.11 1.49 77.01 

1.51 143.48 0.5 3.87 29.55 1.25 

1.71 37.89 I .3 4.32 10.81 0.81 

11.57 0.87 1.83 43.07 I .2 4.29 
11.83 0.89 1.87 43.62 1.1 4.18 
11.57 0.81 1.83 45.40 0.7 4.52 

11.70 0.88 I .a5 46.14 I .2 4.55 
11.70 0.88 1.85 46.74 2.2 4.55 

1.87 48.10 I .6 4.58 11.83 0.89 

16.03 0.90 1.19 57.43 0.8 4.00 

13.91 1.04 2.20 64.26 0.3 4.43 

E OSDF = East OSDF ConsinruiiiwPhse Design Scmaio  
W OSDF E West OSDF Cunstmctiutt-Phase Design Sceiivio 
DC A = Design Care "A" 

Noles: 
I .  Channels are named after 'he corresponding subcstchment or reach. 
2. Longitudinal slops taken from the Drawings. 
4. I ' d  inllow rates calculaid by HydroCAD for each reach. See ntiachmeni C-I. 
5. Culculatdd flow rates using M iierative procedure aid compared with flow froin HydroCAD. 
6. Maximum prrniissible velocity for gras lined chmrls  is 5 fps. 
7. Calculuied as ihe dirlermcc bciwrm minimum available flow depih and pwk flow depih. 

I 



OSDF POST DEVELOPLIEN1 PERIOD CONDITIONS 
S(IM,MARY OFCllANNEL ANALYSIS RESULTS 

Channel Idcniiticiiiun Channel Characeristiu 
Channrl Design Swioti ivliniinum Longitudinal Manning Boiiom Side Side 
NWW'" Statur Sccn:ino Shave Channel Slope"' n Widih Slopc Slope 

ocplll (ft, (Yo) B (0) M,: l  M,:l 
1 existing f OSDF PD vcc 5 0.45% 0.030 0 6 4 

uisiing EOSDFPD vee 6.S 0.45% 0.030 0 3 5 
3 new EOSDFPV vee 7.4 0.50% 0.030 0 3 4 
4 new EOSDFPD vee 6.5 0.50% 0.030 0 3 4 
5 ncw EOSDFPD vcr 3 0.50% 0.030 0 3 6 
6 new EUSDFPU vee 3 1.00% 0.030 0 3 6 
7 itew EOSUFPD vcc 4.0 1.00% 0.030 0 6 3 
n new EOSUFPD rrapczoidrl 4.5 0.45% 0.030 10 3 3 

9 new EOSDF PD aapcroidnl 3.5 0.45% 0.030 IO 3 3 
10 new EOSUFPD trapczoidnl 2.0 0.4S% 0.030 IO 3 1 
12 IICW E OSDF PU mpezuidal 2.0 0.45% 0.030 I O  3 3 
13 new EOSDF PD trapezoidal 2.0 0.45% 0.030 20 3 3 
14 existing E OSDF PO vec 1.5 0.40% 0.030 0 3 S 
15 r.sirting E OSIJF I'D YCC 2.0 0.63% 0.030 0 3 5 

16 rrisiing E OSDF PU YCC 3.4 0.71x ' 0.030 0 1.5 5 

17 crisiing E O W F  PU vcc 3.5 1.25% 0.030 U 4 5 

I S  I IC \Y E USUI: P U  vec 3.u  1.00% u.030 0 3 3 
19 new E I X O F  PU vee 3.0 0.90% 0.030 6 3 3 
20 ncw EOSDF I'D vcc 3.0 0.83% 0.030 0 3 3 
30 new EOSDFPD YCT 2.5 1.00% 0.030 0 3 3 
21 new EOSUFPD VIZ 3.u 1.00% 0.030 0 3 3 
22 new EOSUF I'D vcc 4.0 1.00h 0.010 0 3 3 
2Y  new EOSUFPD vec 3.5 1.00% 0.030 U 3 3 
24 new EOSDFPD trapezoidal 2.0 0.15% 0.030 8.5 3 3 
26 ncw EOSUFPD YCC 2,s 0.75% 0.030 0 1 3 

Hvdrologic Cnlculalions Hydnuliu Calculations 
HydmCAD HydroCAD Area o f  Perimcler Hydraulic Peak Flow Giimated Channel peak F ~ ~ W  Suflicicnl io Lining 

Nude"' Q"' . Flow P Radius. R Deplh"' Q"' Freeboard"' Velocity Minimize Type"' 
(cfs) A ( s q  h) (ft) (fi) Y (fl1 (CfSl (Ii) (bl Sediinentation? 

2 4.96 2.81 7.65 0.37 0.75 4.81 4.25 1.71 grass 
3 7.06 3.61 7.85 0.46 0.95 7.17 S.55 1.98 6ms 

: 4 8.67 3.66 7.65 0.50 1.05 8.59 6.35 2.22 grass 
5 9.97 4.31 B.09 0.53 1.11 9.96 5.39 2.31 grass > .  

I 
i: 

E 

1 2 + H H  11.86 6.14 13.35 0.46 0.53 12.19 1.47 1.99 2 

bws 
grass 
Brass 

1.95 2.24 6 11.01 4.96 9.71 0.51 1.05 11.14 
7 11.66 3.89 3.60 0.45 0.93 11.39 2.07 2.93 

2P - T - I ~ DD 11.63 3.89 3.60 0.45 0.93 11.39 3.07 2.93 e 
8 10.72 5.62 13.10 0.43 0.49 10.65 4.01 1.89 Brars 
9 10.11 5.62 13.10 ' 0.43 0.49 10.65 3.01 1 .a9 5 grass 

I I -GG 11.65 5.86 13.21 0.44 0.51 11.41 I .49 I .94 t . IPS 

grass 

0 Y m s  
16 2.68 1.49 5.04 0.30 0.61 2.60 1.3') 1.7? - gIXS 

17 3.2U 1.58 1.06 0.31 0.6s 3.12 ?.7? 1.97 - gnss 
I X  S.58 2.02 5.18 0.31 0.67 5.32 2.S) 2.63 g- 

g m s  
2U 10.07 1.43 5.77 0.51 1.07 10.30 1.91 3.00 . grass 

gWS I P -  ( I -  V 10.03 3.43 5.77 0.Sl 1.07 9.89 
grass 
grass 

30 7.74 2.71 5.01 0.45 0.95 7.90 
11 7.Sl 2.11 5.01 0.45 0.95 , 1.90 
29 7.95 2.71 5.01 0.45 0.95 7.YO - grass 

23 K.22 2.82 1.13 0.46 0.97 8.35 2.53 2.Yll grass 
24 9.31 4.21 11.22 0.38 0.43 9.42 1.57 2.24 
21 10.41 3.10 1.02 0.53 1.11 10.36 1.39 2.80 RtXS 

I 3  22.38 10.98 :!3.23 0.47 0.51 12.20 1.49 2.02 
IS 1.04 0.8% 3.88 0.23 0.47 I .03 1.03 1.17 

P 

. .- 

z 
B 19 Y.US 3.06 5 . 3 ~  0.48 1.01 9.30 1.99 3.04 

1.91 2.H 
1.55 2.92 1 
2.05 2.92 %! 

n 3.05 2.92 

I 
2 
3 
4 
b 
7 
s 
9 

I U  
1 1  

new 
new 
new 
new 
ncw 

new 

nnv 
ncw 
ne,,. 

I lC\Y 

W OSDF PD 
W USUF P D  
W OSDF PD 
W USOF PD 
WOSDF PD vcc 
WUSUFPD ver 
WOSUFPU "ec 
W OSUF I'D vcc 

E OSDF PD= Easi OSDF Pas1 Vcvclupinrnl Design Scmariu 
W OSDF PD= W a i  OSDF Posi Dcsrlupinmi Design Scciirriu 

3 
3 
3 
3 

3.5 
4 
4 
I .5 
1.5 
2.5 - 

0.75% 
0.75% 
0.753; 
0.16% 
0.75% 
0.75% 
0.71% 
2.61% 
I .4X% 
0.66'% - 

0.030 
0.030 
0.030 
0.030 
0.030 
0.030 

' 0.030 
0.030 

' 0.030 
0.030 - 

3 
0 
0 3  
0 1  

3 8 + P  
9 + H + I  

3 I 0 + F  
II + G  

4.70 
7.23 
9.40 
9.34 
10.66 
10.61 
13.01 
1.27 
1.34 
3.20 

2.17 
3.10 
3.13 
3.73 
4.06 
331 
4.39 
0.46 
0.61 
1.60 - 

Notes: 
I .  Chvlncls are named afier h e  colmponding subcatchment or reach. 
2. Longitudinal slops taken fiom ihr Drawings. 
3. N/A indicares that there is ndl specific HydroCAD node associaled with the panicular channel. 
4. Peak tlow rates calculated by HydroCAD for each reach. See aiiachmcnt C- 1, 
5. Calculaled flow mes using an iterative procedure and compared wiih flow horn HydmCAD. 
6. Maximum permissible velociiy for g a s  lined channels is 5 fps. 
7. Calculued as the difference benvccn minimum available flow depth and peik flow depth. 

5.56 
1.67 
3.41 
3.4 I 
3.78 
7.15 
1.65 
2.47 
1.85 
~1.62 -- 

0.35 
0.40 
0.44 
0.44 
0.46 
0.54 
0.51 
0.18 
0.2 I 
0.35 - 

0.1 1 
0.83 
0.91 
0.91 
0.95 
1.13 
1.21 
0.39 
0.45 
0.73 - 

10.81 

1.11 I .os 
3.18 1.17 

2.12 
2.35 
2.50 
2.52 
2.57 
2.84 
2.97 
2.u 
2.16 
I .99 - 

C aIiachmonlYC1 PDF 
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Culvert DesignedAnalyzer Report 
east node 11 

Peak Discharge Method: User-Specified 0 Design Discharge 76.91 cfs Check Discharge 0.00 cfs 

~ ~~~ 

Grades Model: Inverts 

Invert Upstream 583.84 ft Invert Downstream 583.57 f t  

Droo 0.27 ft 
Length 60.00 ft Slope 0.0045oo wft 

Headwater Model: Maximum Allowable HW 
~ ~~~ -~ 

Headwater Elevation 587.50 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 585.06 ft 

Name Description Discharge HW Elev. Velocity 

A Ti;&; 3-27 inch Circuiar 76.91 cfs 586.71 f t  

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlrnan 
h:\.. .\east osdfieast osdf culverts.cvm GeoSyntec Consultants CulvertMaster v2.0 (2.0051 
01/29/02 04:48:58 PM 8 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA t1-203-755-1666 ' 
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D 

Culvert DesignedAnalyzer Report 
east node 11 

Design:Trial-1 

Solve For: Headwater Elevation 

~ ~~ ~ 

Culvert Summary 

Allowable HW Elevation 587.50 ft Storm Event Design 
Computed Headwater Elev: 586.71 ft Discharge 76.91 cfs 
Headwater OepthlHeight 1.27 Tailwater Elevation 585.06 ft 
Inlet Control HW Elev. 586.71 ft Control Type Inlet Control 
Outlet Control HW Elev. 586.70 ft 

;-4664 

Grades 

Upstream Invert 
Length 

583.84 ft Downstream Invert 
60.00 ft Constructed Slope 

Hydraulic Profile 

52 Deptn, Oownstream 1.75 ft 
Slope Type Steep Normal Depth 1.75 ft 
Flow Regime Supercritical Critical Depth 1.77 f t  

o--':o- 
I I V I I I ~  

Velocity Downstream 7.73 ftls Critical Slope 0.004397 wtt 

Section 

Section Shape Circular Mannings Coefficient 0.01 0 
SecGbr&@I&iiHDPE (Smooth Interior) Span 2.25 f t  
Section Size 27 inch Rise 2.25 ft 
Number Sections 3 

Outlet Control Properties 

Outlet Control HW Elev. 586.70 ft Upstream Velocity Head 0.91 ft 
Ke 0.20 Entrance Loss 0.18 f t  

Inlet Control Properties 

Inlet Control HW Elev. 586.71 ft Flow Control 
Inlet Type Groove end projecting Area Full 
K 0.00450 HDS 5 Chart 
M 2.00000 HDS 5 Scale 
C 0.03 170 Equation Form 
Y 0.69000 

Submerged 
11.9 f t2  

1 
3 
1 

000366 
r 

Title: Fernald OSDF Phase V 
h:\ ... \east osdfieast osdf culvertscvm 
01/29/02 04:48:58 PM 0 Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 

Project Engineer: Dana Beth Mehlman 
GeoSyntec Consultants CulvertMaster v2.0 (2.005l 

Page 2 of 2 



Culvert DesignerIAnalyzer Report 
east node 23 / a m -  

,j)GfY 3dZAd & 

Peak Discharge Method: User-Specified DB/l 1/3@1@2-- B Design Discharge 40.76 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 
~~ 

Invert Upstream 586.32 ft Invect Downstream 585.78 ft 
Length 92.00 n Slope 0.005870 Wft 
Drop 0.54 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 590.00 n 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 587.01 n 
~ ~~ 

Name Description Discharge HW Elev. Velocity 

- - -  4 6 6 4  

. . .  . , .. 

B 000367 
Title: Fernald OSDF Phase V 
h:\ ... \east osdfleast osdf culverts.cvm 
01/29/02 04:49:09 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 USA +I-203-755-1666 

Project Engineer: Dana Beth Mehlman 
CulvertMaster v2.0 [2.005] 

Page 1 of 2 
GeoSyntec Consultants 



Design:Tnal-1 D Solve For: Headwater Elevation 

Culvert Designer/Analyzer Report 
east node 23 

~ ~~ ~ 

Culvert Summary 

Allowable HW Elevation 590.00 f t  Storm Event Design 
Computed Headwater Elev: 589.02 ft Discharge 48.76 cfs 
Headwater Depth/Height 0.90 Tailwater Elevation 587.01 ft 
Inlet Control HW Elev. 588.83 n Control Type Outlet Control 
Outlet Control HW Elev. 589.02 f t  

- 4 6 6 4  

Grades 

Upstream Invert 
Length 

586.32 ft Downstream Invert 
~ -~ 

585.78 ft 
92.00 ft Constructed Slope 0.005870 Wft 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.59 f t  
Normal Depth 1.78 ft Slope Type Mild 

Velocity Downstream 6.40 ft/s Critical Slope 0.008394 Wft 
Flow Regime Subcritical Critical Depth 1.59 ft 

Section 

Section Shape Circular Mannings Coefficient 0.0 18 
Section Material CMP Span 3.00 ft 
Section Size 36 inch Rise 3.00 f t  
Number Sections 2 D 

D 

/ 

Outlet Control ProDerties 

Outlet Control HW Elev. 589.02 ft Upstream Velocity Head 
Ke 0.90 Entrance Loss 

7 ~~ 

0.48 f l  
0.44 ft 

Inlet Control Properties 

Inlet Control HW Elev. 588.83 ft Flow Control 
Inlet Type Projecting Area Full 
K 0.03400 HDS.5 Chart 
M I .50000 HDS 5 Scale 
C 0.05530 Equation Form 
Y 0.54000 

N/A 
14.1 ft2 

2 
3 
1 

\ 

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 
h:\ ... \east osdneast osdf culverts.cvrn GeoSyntec Consultants CulvertMaster v2.0 r2.0051 
01/29/02 04:49:09 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 USA tl-203-755-1666 Page 2 of 2 



Culvert Designer/Analyzer Report 
east node 25 

Peak Discharge Method: User-Specified 0 Design Discharge 64.23 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 504.85 ft Invert Downstream 584.53 f t  

Droo 0.32 ft 
Length 53.00 ft Slope 0.006038 wft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 588.50 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 506.73 ft 

Name Description Discharae HW Elev. Velocitv 

x Trial-i 2-42 x 29 inch Arch 64.23 cfs 587.71 ft 

0 

, 

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlrnan 
h:\ ... \east osdneast osdf culverts.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
01129l02 04:49:19 PM 0 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 2 



Culvert DesignedAnalyzer Report 
east node 25 

Design:Trial-1 

Solve For: Headwater Elevation B 
~~ 

Culvert Summary 

Allowable HW Elevation 588.50 ft Storm Event Design 
Computed Headwater Elev: 587.71 ft Discharge. 64.23 cfs 
Headwater DepthlHeight 1.18 Tailwater Elevation 586.73 ft 
Inlet Control HW Elev. 587.52 n Control Type Outlet Control 
Outlet Control HW Elev. 587.71 ft 

Grades 

Upstream Invert 
Length 

584.85 ft . Downstream Invert 584.53 f t  
53.00 ft Constructed Slope 0.006038 Wft 

Hydraulic Profile 

P id ie  M1 Depth, Downstream 2.20 ft 
Slope Type Mild Normal Depth 1.78 ft 
Flow Regime Subcritical Critical Depth 1.48 ft 
Velocity Downstream 4.93 fWs Critical Slope 0.009283 Wft 

Section 

Section Shape Arch Mannings Coefficient 0.018 
Section Mar3Ml and Aluminum Var CR Span 3.50 ft 
Section Size 42 x 29 inch Rise 2.42 ft D Number Sections 2 

b 

Outlet Control Properties 

Outlet Control HW Elev. 587.71 f t  Upstream Velocity Head 0.40 11 
Ke 0.90 Entrance Loss 0.36 ft 

- 4 6 6 4  

Inlet Control Properties 

Inlet Control HW Elev. 587.52 ft Flow Control NIA 
Inlet Type Thin wall projecting Area Full 13.0 ft2 

K 0.03400 HDS 5 Chart 34 
M 1 SO000 HDS 5 Scale 3 
C 0.04960 Equation Form 1 
Y 0.57000 

080370 
I 

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlrnan 
h:\ ... \east osdfieast osdf culverts.cvrn GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
01/29/02 04:49:19 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 2 of 2 



Culvert DesignedAnal yzer Report 
east node 27 

-~ ~ 

Peak Discharge Method: User-Specified 

Design Discharge 64.98 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

0 
~- 

Invert Upstream 582.80 ft Invert Downstream 582.36 ft 
Length 106.00 ft Slope 0.004151 Wft 
Drop 0.44 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 587.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 583.88 ft 

~~ 

Name Description Discharge HW Elev. Velocity 

- - - 4 6 6 4  

. .  . . . .  I 

000371 
Title: Fernald OSDF Phase V 
h:\ ... \east osdfieast osdf culverts.cvm 
01/29/02 04:49:31 PM 0 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 

Project Engineer: Dana Beth Mehlman 
CulvertMaster v2.0 [2.005] 

Page 1 of 2 
GeoSyntec Consultants 



Culvert Designer/Analyzer Report 
east node 27 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 587.00 f t  Storm Event Design 
Computed Headwater Elevi 585.63 ft Discharge 64.98 cfs 

Inlet Control HW Elev. 585.50 ft Control Type Outlet Control 
Outlet Control HW Elev. 585.63 ft 

Headwater DepthIHeight 1.17 Tailwater Elevation 583.88 ft 

Grades 

Upstream Invert 582.80 ft Downstream Invert 582.36 ft 
Length 106.00 ft Constructed Slope 0.004151 Wft 

Hydraulic Profile 

BrOiiitt M2 Depth, Downstream 1.52 ft 
Slope Type Mild Normal Depth NIA ft 
Flow Regime Subcritical Critical Depth 1.49 ft 
Velocity Downstream 6.78 fVs Critical Slope 0.009342 Wft 

Section 
~ ~ 

Section Shape Arch Mannings Coefficient 0.01 8 
Section M a W l  and Aluminum Var CR Span 3.50 ft 
Section Size 42 x 29 inch Rise 2.42 ft 
Number Sections 2 

Outlet Control ProPerties 

Outlet Control HW Elev. 585.63 ft Upstream Velocity Head 0.44 ft 
Ke 0.90 Entrance Loss 0.40 ft 

Inlet Control Properties 

Inlet Control HW Elev. 585.50 ft Flow Control 
Inlet Type Thin wall projecting Area Full 
K 0.03400 HDS 5 Chart 
M '  1.50000 HDS 5 Scale 
C 0.04960 Equation Form 
Y 0.57000 

NIA 
13.0 ft2 

34 
3 
1 

000372 
Title: Fernald OSDF Phase V Project Engineer: Dana Beth Melllman 

GeoSyntec Consultants CulvertMaster v2.0 [2.005] h:\ ... \east osdfieast osdl culverts.cvm 
01/29/02 04:49:31 PM 6 Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 Page 2 of 2 



Culvert Designer/Analyzer Report 
east node 28 

L Peak Discharge Method: User-Specified 

Design Discharge 70.77 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 586.95 ft Invert Downstream 586.53 f t  
Length 92.00 n Slope 
Drop 0.42 ft 

0.004565 Wft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 590.50 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 588.04 ft 

Name Description Discharge HW Elev. Velocity 

x Triai-'i 2-49 x 33 inch Arch 70.77 cfs 589.52 ft 

000373 

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 
CulvertMaster v2.0 p.0051 h:\ ... \east osdfieast osdf culverts.cvm GeoSyntec Consultants 

01129l02 04:49:41 PM 8 Haestad Methods. hc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 2 



Culvert DesignedAnalyzer Report 
east node 28 

I;>&? -9JArJf l2  

Design Trial-1 DpJq IIJ+. 

Culvert Summary - $ 8 6 4  
Solve For: Headwater Elevation a 

Storm Event Design Allowable HW Elevation 590.50 ft 
Computed Headwater Elevz 589.52 ft Discharge 
Headwater DepthIHeight 0 93 Tailwater Elevation 588.04 ft 
inlet Control HW Elev 
Outlet Control HW Elev. 

70.77 cfs 

589.30 ft Control Type Outlet Control 
589.52 ft 

Grades 

Upstream Invert 586.95 ft Downstream Invert 58653 ft 
Length 9200 ft Constructed Slope 0004565 ~ f t  

Hydraulic Profile 

Slope Type Mild Normal Depth 
Flow Regime Subcritical Critical Depth 

ML Depth, Downstream 151 ft 
188 ft 
146 ft 

FiGfriG 

Velocity Downstream 6 42 ft/s Critical Slope 0000797 Wft 

Section 

Section Shape 
Section Maf3tudl and Aluminum Var CR 
Section Size 49 x 33 inch 

Arch Mannings Coefficient 0 019 
408 ft 

Rise 275 ft 

Span a Number Sections 2 

Outlet Control Properties 

Outlet Control HW Elev 

Ke 0 70 Entrance Loss 
Upstream Velocity Head 044  ft 

031 ft 
58952 ft 

Inlet Control Properties 

Inlet Control HW Elev 

Inlet Type Mitered to slope (arch) Area Full 
K 0 03000 HDS 5 Chart 
M \  1 00000 HDS 5 Scale 
C 0 04630 
Y 0 75000 

58930 ft Flow Control Unsu bmerged 
17 8 ft* 

34 
2 

Equation Form 1 

000374 
Project Engineer: Dana Beth Mehlman Title: Fernald OSDF Phase V 
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Culvert Designer/Analyzer Report 
east node 31 

Peak Discharge Method: User-Specified B Design Discharge 6.54 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 584.00 ft Invert Downstream 5a3.00 ft 
Length 80.00 ft Slope 0.012500 Wft 
Drop 1.00 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 588.50 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 584.51 ft 

Name Description Discharge HW Elev. Velocity 

i -2T iricii Circuiar 6.54 C1S ~ 585.49 ft .. - 2 - 8  
A I iiai-i 

-- 4 6 6 4  

\ 

Title: Fernald OSDF Phase V 
h i .  .\east osdneast osdf culverts.cvm 
01/29/02 04:49:52 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 USA cl-203-755-1666 

Project Engineer: Dana Beth Mehlman 
GeoSyntec Consultants CulvertMaster v2.0 [2.005] 

Page 1 of 2 



' Design:Trial-1 D Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 588.50 n Storm Event Design 
Computed Headwater Elev; 585.49 ft Discharge 6.54 cfs 
Headwater DepthIHeight 0.66 Tailwater Elevation 584.51 ft 
Inlet Control HW Elev. 585.20 ft Control Type Entrance Control 
Outlet Control H W  Elev. 585.49 n 

Grades 

Upstream Invert 584.00 ft Downstream Invert 
Length 80.00 n Constructed Slope 0.012500 Wft 

583.00 n 

~ ~ ~~ ~ ~~ 

Hydraulic Profile 

?:e!!!= CiimposiitiSi 52 Deptn, Downstream 1.51 n 
Slope Type Steep Normal Depth 0.64 ft 
Flow Regime N/A Critical Depth 0.87 ft 
Velocity Downstream 2.31 ft/s Critical Slope 0003722 wn 

Section 

Section Shape Circular Mannings Coefficient 0.01 2 
Sec(ihrrrL@d@dHDPE (Smooth Interior) Span 2.25 ft 
Section Size 27 inch Rise 2.25 ft D Number Sections 1 

Outlet Control Properties . .  
Outlet Control HW Elev. 585.49 n Upstream Velocity Head 0.33 n 
Ke 0.90 Entrance Loss 0.29 n 

~~ ~ ~ ~ ~~ ~~ ~ ~ ~~ 

Inlet Control Properties 

Inlet Control HW Elev. 585.20 n Flow Control NIA 

K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03 170 Equation Form 1 

Inlet Type Groove end projecting Area Full 4.0 n2 

Y 0.69000 

000376 
Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 

CulvertMaster v2.0 [2.005] h:\ ... \east osdReast osdf culverts.cvm GeoSyntec Consultants 
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phase V 

CulvertMas ter@ OUTPUT REPORTS FOR CULVERTS 

WEST OSDF SCENARIO 

- 
B -- 
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Culvert Designer/Analyzer Report 
west node 5 design 

Peak Discharge Method: User-Specified 

Design Discharge 44.48 cfs Check Discharge 0.00 cfs 

~ ~~ ~ 

Grades Model: Inverts 

Invert Upstream 580.68 ft invert Downstream 579.98 ft 
Length 95.00 ft Slope 0.007368 Wft 
Droo 0.70 ,ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 585.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 582.50 ft 

Name Description Discharge HW Elev. Velocity 

44.48 cis 584.2 n 4 ." :__I_ A _ _ _  
I - - t~  II ILI I utcuiai I. 7 - A - I  4 

n 11,111-1 

Title: Fernald OSDF Phase V 
h:\ ... \west osdfiwest osdf culverts.cvm GeoSyntec Consultants 

Project Engineer: Dana Beth Mehlman 
CulvertMaster v2.0 12.0051 

Page 1 of 2 01/29/02 04:52:08 PM 8 Haestad Methods. InC. 37 Brookside Road Waterbury. CT 06708 USA cl-203-755-1666 
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Culvert Designer/Analyzer Report 
west node 5 design 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 585.00 ft Storm Event Design 
Computed Headwater Elev: 584.32 ft Discharge 44.48 cfs 
Headwater Depth/Height 1.04 Tailwater Elevation 582.50 n 
Inlet Control HW Elev. 584.08 f t  Control Type Outlet Control 
Outlet Control HW Elev. 584.32 ft 

Grades 

Upstream Invert 580.68 ft Downstream Invert 579.98 ft 
Length 95.00 ft Constructed Slope 0.007368 wft 

~~ ~~ - 

Hydraulic Profile 

Profile M1 Depth, Downstream 2.52 ft 
Slope Type Mild Normal Depth 2.18 n 
Flow Regime Subcritical Critical Depth 2.08 ft 
Velocity Downstream 6.00 ft/s Critical Slope 0.008555 Wft 

Section 

Section Shape 
Section Material 
Section Size 
Number Sections 

Circular Mannings Coefficient 0.01 8 
CMP Span 3.50 ft 

42 inch Rise 3.50 ft 
1 

- 4 6 6 4  

Outlet Control Properties 

Outlet Control HW Elev. 584.32 ft Upstream Velocity Head 0.75 n 
Ke 0.90 Entrance Loss 0.68 ft 

~ ~~ 

Inlet Control Properties 

Inlet Control HW Elev. 584.08 ft Flow Control Unsubmerged 

K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation form 1 

Inlet Type Projecting Area Full 9.6 ft2 

Y 0.54000 

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 
h:\ ... \west osdfiwest osdf culverkcvrn GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
01/29/02 04:52:08 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA ti-203-755-1 666 Page 2 of 2 



Culvert Designer/Analyzer Report 
west node 12 design 

Peak Discharge Method: User-Specified ' 0 Design Discharge 30.1 1 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

invert Upstream 577.05 ft Invert Downstream 576.00 ft 
Length 115.00 ft ' Slope 0.009130 Wft 
Drop 1.05 ft 

Headwater Model: Maximum Allowable HW 
~~ 

Headwater Elevation 581.50 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 578.57 ft 

Name Description Discharge HW Elev. Velocity 

SO. i i cis 580.87 ir -- . _ _ I  
i Ti;&-; I - ~ V  IIIL'II Cirtiuiar 

. . .  . . . .  

- -  4 4 4 4  

800380 
Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 
h:\ ... \west osdtlwest osdf cuIveT1s.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
01/29/02 04:51:22 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 2 

0 



Design:Trial-1 B Solve For: Headwater Elevation 

Culvert DesignedAnalyzer Report %io\ )a$a 
,Q6p 3 4  

DBi"l l / 5 + t  

'Ah) c + z  west node 12 design 

Culvert Summary 

Allowable HW Elevation 581.50 ft Storm Event Design 
Computed Headwater Elevi 580.87 ft Discharge 30.11 cfs 
Headwater DeptWHeight 1.53 Tailwater Elevation 570.57 f t  
Inlet Control HW Elev. 580.50 n Control Type Outlet Control 
Outlet Control HW Elev. 580.87 ft 

Grades 

Upstream Invert 
Length 

577.05 n Downstream Invert 576.00 ft 
115.00 ft Constructed Slope 0.009130 Wft 

Hydraulic Profile 

Profile PressureProfile Depth, Downstream 2.57 f t  
Slope Type N/A Normal Depth 2.24 n 

1.87 n Flow Regime N/A Critical Depth 
Velocity Downstream 6.13 Ws Critical Slope 0.012490 Wft 

Section 

Section Shape 
Section Material 
Section Size D Number Sections 

~~ ~~~~ ~ ~~~~~~~ ~ ~ ~~~ ~ 

Circular Mannings Coefficient 0.01 8 

30 inch Rise 2.50 ft 
2.50 n CMP Span . .  

. (  . 1 

Outlet Control Properties 

Outlet Control HW Elev. 580.87 ft Upstream Velocity Head 0.58 'n 
Ke 0.90 Entrance Loss 0.53 ft 

Inlet Control Properties 

Inlet Control HW Elev. 580.50 n Flow Control Transition 
Inlet Type Projecting Area Full 4.9 ft2 

K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 

Title: Femald OSDF Phase V Project Engineer: Dana Beth Mehlman 
GeoSyntec Consultants CulvertMaster vZ.0 [2.005] h:\ ... \west osdnwest osdf culverts.cvm 
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Culvert DesignedAnalyzer Report 
west node 13 design 

Peak Discharge Method: User-Specified 

Design Discharge 4.24 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 579.80 ft Invert Downstream 579.00 ft 
Length 65.00 ft Slope 0.012308 Wft 
Drop 0.80 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 581.80 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 579.50 ft 

Name Description Discharge HW Elev. Velocity 

x Trial-1 1-15 inch Circular 4.24 cfs 581.08 f t  

- - 4 6 6 4  

Project Engineer: Dana Beth Mehlrnan Title: Fernald OSDF Phase V 
CulvertMaster v2.0 [2.005] h:\ ... \west osdnwest osdf culverts.cvrn GeoSyntec Consultants 
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Culvert DesignedAnalyzer Report 
west node 13 design 

Design:Trial-1 D Solve For: Headwater Elevation - -  4 6 6 4  
Culvert Summary 

Design Allowable HW Elevation 581.80 ft Storm Event 
Computed Headwater Elev: 581.08 ft Discharge 4.24 cfs 
Headwater DepthIHeight 1.02 Tailwater Elevation 579.50 ft 
Inlet Control HW Elev. 581.05 ft Control Type Entrance Control 
Outlet Control HW Elev. 581.08 ft 

Grades 

Upstream Invert 579.80 ft Downstream Invert 579.00 ft 
Length 65.00 ft Constructed Slope 0.012308 ft/fi 

Hydraulic Profile 

Proiiie 52 Depiin, Downstream 0.69 il 

Flow Regime Supercritical Critical Depth 0.83 n 
Slope Type Steep Normal Depth 0.69 ft 

Velocity Downstream 6.08 Ws Critical Slope 0.007000 WH ' 

Section 

Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 1.25 ft 
Section Size 15 inch Rise 1.25 ft B Number Sections 1 

B 

Outlet Control Properties 

Outlet Control HW Elev. 581.08 ft Upstream Velocity Head 0.37 ft 
Ke 0.20 Entrance Loss 0.07 ft 

Inlet Control Properties 

Inlet Control HW Elev. 581.05 ft Flow Control N/A 
Inlet Type Groove end projecting Area Full 1.2 112 

K 0.00450 HDS 5 Chart 1 

M 2.00000 HDS 5 Scale 3 
C 0.031 70 Equation Form 1 
Y 0.69000 

000383 
- 

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlrnan 
h:\ ... \west osdhwest osdf culvertscvm GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
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Culvert Designer/Analyzer Report -ZbY /&?a 
&-e 36JAPJ"Z  west node 14 design 
D6ji.f I l J a j a L  

Peak Discharge Method. User-Specified 

- 4 6 6 4  
Design Discharge 4 33 cfs Check Discharge 0.00 cfs B 
Grades Model Inverts 

B 

Invert Upstream 578.60 ft Invert Downstream 575.00 ft 
Length 112.00 ft Slope Oh32143 Wft 
Drop 3.60 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 582.20 ft 

~~ 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 576.00 ft 

Name Description Discharge HW Elev. Velocity 

x Triai- i i -50 x 3 i  inch Arch 4.33 cis 579.38 it 

000384 
Title: Fernald OSDF Phase V Project Engiyeer: Dana Beth Mehlrnan 
h:\ ... \west osdRwest osdf culverts.cvrn GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
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1 2b5-1389. 
@.p 3c? Jiid c= Culvert DesignedAnalyzer Report 

west node 14 design 
D P  i1zj;32 

Design:Trial-1 B Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 582.20 ft Storm Event 

Headwater DeptWHeight 0.30 Tailwater Elevation 576.00 ft 
Inlet Control HW Elev. 579.20 ft Control Type Entrance Control 
Outlet Control HW Elev. 579.38 f l  

Design 
Computed Headwater Elev: 579.38 ft Discharge 4.33 cfs 

~~ ~~~ ~~ ~ 

Grades 

Upstream Invert 578.60 ft Downstream Invert 575.00 ft 
Length 112.00 ft Constructed Slope 0.032143 Wft 

Hydraulic Profile 

Broiiie ComposiieSI 32 Depin, ijownsirearn 1.00 n 
Slope Type Steep Normal Depth 0.37 ft 
Flow Regime NIA Critical Depth 0.46 R 
Velocity Downstream 1.24 WS Critical Slope 0.012841 ft/ft 

Section 

Section Shape Arch 
.n 18%WeNWiIUt l  Corrugations Historic 

D Section Size 50 x 31 inch Rise 
Number Sections 1 

Mannings Coefficient 0.024 
Span 4.17 ft 

2.58 ft 

____ ~~ ~ _ _ _ _  

Outlet Control Properties . .  
Outlet Control HW Elev. ' 579.38 ft Upstream Velocity Head 0.17 ft 

0.90 Entrance Loss 0.15 ft Ke 

Inlet Control Properties 

.- 4664 

~ ~~ ~~ ~~~ 

Inlet Control HW Elev. 57920 ft Flow Control NIA 
InM Q@CR structural plate, projecting Area Full 8.4 ft2 
K 0.03000 HDS 5 Chart 35 
M 1.50000 HDS 5 Scale 1 
C 0.04960 Equation Form 1 
Y 0.57000 

000385 
Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlrnan 

GeoSyntec Consultants CulvertMaster v2.0 (2.005] h:\ ... \west osdnwest osdf culverts.cvm 
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Culvert DesignedAnalyzer Report 
reach 1 

~~ ~ ~~~~ -~ 
Peak Discharge Method: User-Specified B Design Discharge 2.02 cfs Check Discharge 0.00 cfs - - 4 6 6 4  
Grades Model: Inverts 

Invert Upstream 587.35 ft Invert Downstream 
Length 80.00 ft Slope 0.012250 fVft 
Drop 0.98 ft 

- 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 590.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 586.00 ft 

Name Description Discharge HW Elev. Velocity 

x Trial-1 1-1 8.0 x 1 ! .n inch Arch 2.52 cfs 588.02 :: 

00038’7 
Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 
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Culvert Designer/Analyzer Report 
reach 1 

Design:Trial-1 0 Solve For: Headwater Elevation 

Culvert Summary 
~~~ ~ ~ ~~~ ~~ 

Design Allowable HW Elevation 590.00 f t  Storm Event 

Headwater DepthlHeight 0.75 Tailwater Elevation 586.80 f t  
Inlet Control HW Elev. 587.97 ft Control Type Entrance Control 

Computed Headwater Elev; 588.03 ft Discharge 2.02 cfs 

Outlet Control HW Elev. 588.03 ft 

Grades 

Upstream Invert 
Length 

587.35 ft Downstream Invert 586.37 ft 
80.00 ft Constructed Slope 0.012250 Wft 

Hydraulic Profile 

0.43 ii n.&;i- 

Slope Type Steep Normal Depth 0.35 ft 
Flow Regime NIA Critical Depth 0.41 f t  
Velocity Downstream 3.25 Ws Critical Slope 0.007284 Wft 

n - - A L  n a 
Y ~ J I I  I ,  YUWI ~ L I  cai I t f....-.--..:."q4 pn 

" " l r l p u J ' L ~ U  I U L  8 . W , , , G  

Section 

Section Shape Arch Mannings Coefficient 0.01 8 
Section Material Concrete Span 

I Section Size 18.0 x 11.0 inch Rise 
Number Sections 1 

1.50 ft 
0.92 ft 

Outlet Control Properties 

Outlet Control HW Elev. 588.03 ft Upstream Velocity Head 0.18 f t  
Ke 0.50 En trance Loss 0.09 ft 

Inlet Control Properties 

Inlet Control HW Elev. 587.97 ft Flow Control 
Inlet TypBquare edge w/headwall (akh) 
K 0.00980 HDS 5 Chart 
M 2.00000 HDS 5 Scale 
C 0.03980 Equation Form 
Y 0.67000 

Area Full 

' - 4 6 6 4  

N/A 
1.1 ft2 

0 
0 
1 

000388 
Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 

CulvertMaster v2.0 (2.0051 h:\ ... \phase v\final phase v (100%)\dc a\dc a.cvm GeoSyntec Consultants 
01/29/02 02:51:41 PM 6 Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 Page 2 of 2 



Culvert DesignedAnalyzer Report 
reach 3 

Peak Discharge Method: User-Specified 

Design Discharge 8.41 cfs Check Discharge 0.00 cts 
- .  4 6 6 4  

Grades Model: Inverts 

Invert Upstream 581.60 f t  Invert Downstream 581.30 ft 
Length 55.00 ft Slope 0.005455 Wft 
Drop 0.30 f t  

Headwater Model: Maximum Allowable HW 

Headwater Elevation 585.50 ft 

- ~ ~ ~~ ~ ~~ 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 58227 ft 

Name Description Discharge HW Elev. Velocity 

. .  . . . .  

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 
h:\ ... \phase v\final phase v (100%)\dc a\dc a.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
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D 

B 

B 

Culvert DesignedAnalyzer Report 
reach 3 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 585.50 ft Storm Event Design 
Computed Headwater Elev: 582.76 ft Discharge 8.41 cfs 
Headwater DeptWHeight , 0.77 Tailwater Elevation 582.27 ft 
Inlet Control HW Elev. 582.70 ft Control Type Entrance Control 
Outlet Control HW Elev. 582.76 ft 

~~ ~~ ~~ 

Grades 

Upstream Invert 581.60 ft Downstream Invert 581.30 ft 
Length 55.00 ft Constructed Slope 0.005455 fVft 

Hydraulic Profile 
~ ~ 

nn-r a 
" . i l l  I, 

n-..+h n,....,.-+---.- r-zpu I, Y""", I a L I - z c . & , I ,  ComPXl!cs? s2 D e n 4 ; l n  . l V l l l Y  

Slope Type Steep Normal Depth 0.68 ft 
Flow Regime N/A Critical Depth 0.79 rt 
Velocity Downstream 3.48 Us Critical Slope 0.003243 fVft 

Section 

Section Shape Circular Mannings Coefficient 0.01 0 

Section Size l a  inch Rise 1.50 ft 
SecRurrA@WhHDPE (Smooth Interior) Span 1.50 ft 

Number Sections 2 

~ ~ __ 

Outlet Control Properties 

Outlet Control HW Elev. 582.76 ft Upstream Velocity Head 0.31 ft 
Ke 0.20 Entrance Loss 0.06 ft 

- -  4 6 6 4  

Inlet Control Properties 

Inlet Control HW Elev. 582.70 ft Flow Control N/A 
Inlet Type Groove end wlheadwall Area Full 3.5 ftZ 
K 0.00180 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 2 
C 0.02920 Equation Form 1 
Y 0.74000 

000390 
- 

Title: Fernald OSDF Phase V Project Engineer: Dana Beth Mehlman 
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Culvert DesignedAnalyzer Report 
reach 4 

Peak Discharge Method: User-Specified 

-- 4 6 6 4  B Design Discharge 1.90 cfs Check Discharge 0.00 cfs 

~ 

Grades Model: Inverts 

Invert Upstream 582.70 ft Invert Downstream 
~ 

581.50 ft 
Length 60.00 ft Slope 0.020000 Wft 
Drop 1.20 n 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 587.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 582.94 ft 

Name Description Discharge HW Elev. Velocity 

.Y Trial-1 1-1 8 inch Circu!.r ?.E Cfc. 593.45 :: 

800391 

Title: Fernald OSDF Phase V 
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Culvert Designer/Analyzer Report 
reach 4 

Design:Trial-1 D Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 587.00 ft Storm Event Design 

Headwater DepthIHeight 0.50 Tailwater Elevation 582.94 ft 
Inlet Control HW Elev. 583.40 ft Control Type Entrance Control 
Outlet Control HW Elev. 583.45 ft 

Computed Headwater Elev: 583.45 ft Discharge 1.90 cfs 

Grades 

Upstream Invert 
Length 

582.70 ft Downstream Invert 581.50 ft 
60.00 ft Constructed Slope 0.020000 fvft 

Hydraulic Profile . 1 . 4  L. 
I .ff 4 ,  

n--*t. n -... vrpu 0 ,  ""."I ,a,,.S5u,, I 
P,.-..--;.,.c., PPI 
" " l 8 l p " a l r r u  I UL 

O.-Gl- 
I ,v,, ,r 

Slope Type Steep Normal Depth 0.32 ft 
Flow Regime N/A Critical Depth 0.52 ft 
Velocity Downstream 1.09 Ws Critical Slope 0.002919 Wft 

Section 

w- $664 

~ ~~ 

Section Shape Circular Mannings Coefficient 0.01 0 

Sec(ibmw&aHDPE (Smooth Interior) Span 
Section Size 18 inch Rise B Number Sections 1 

1.50 ft 
1.50 ft 

Outlet Control Properties 

Outlet Control HW Elev. 583.45 ft Upstream Velocity Head 0.19 ft 
Ke 0.20 Entrance Loss 0.04 ft 

Inlet Control Properties 

Inlet Control HW Elev. 583.40 ft Flow Control 
Inlet Type Groove end w/headwall Area Full 
K 0.001 80 HDS 5 Chart 
M 2.00000 HDS 5 Scale 
C 0.02920 Equation Form 
Y 0.74000 

N/A 
1.8 ft2 

1 

2 
1 

000392 
\ 
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Culvert DesignedAnalyzer Report 
reach 8 

Peak Discharge Method: User-Specified - ~ ~~ ~~ ~~ w Design Discharge 24.73 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 579.33 n Invert Downstream 578.84 ft 
Length 49.00 ft Slope 0.010000 Wft 
Drop 0.49 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 582.50 n 

Tailwater Conditi,ons: Constant Tailwater 

Tailwater Elevation 579.84 ft 

~ ~~ - 

Name Description Discharge HW Elev. Velocity 

x Trial-; 2-30 inch Circiilar _ .  34 73 c!s 5n! .3a !? 

=- 4 6 6 4  

/ 

0 Title: Fernald OSDF Phase V 

000393 

Project Engineer: Oana Beth Mehlman 
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Culvert Designer/Analyzer Report 
reach 8 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summarv 

Allowable HW Elevation 582.50 ft Storm Event Design 
Computed Headwater Elev; 581.38 ft Discharge 24.73 cfs 
Headwater DeptWHeight 0.82 Tailwater Elevation 579.84 ft 
Inlet Control HW Elev. 581.13 ft Control Type Entrance Control 
Outlet Control HW Elev. 581.38 ft 

Grades 

Upstream Invert 
Length 

579.33 ft Downstream Invert 578.84 n 
49.00 ft Constructed Slope 0.010000 Wfi 

Hydraulic Profile 

52 Gepin, Bownsrream 1.09 f t  

Slope Type Steep Normal Depth 1.09 ft 
Flow Regime Supercritical Critical Depth 1.18 n 

0.-<:,- 
I lV l l l 0  

Velocity Downstream 6.01 fvs Critical Slope 0.007567 Wft 

Section 

Section Shape 
Section Material 
Section Size 
Number Sections 

~ ~~ ~ 

Circular Mannings Coefficient 0.01 7 
CMP Span 2.50 n 

30 inch Rise 
2 

2.50 ft 

Outlet Control Properties 

Outlet Control HW Elev. 581.38 ft Upstream Velocity Head 0.46 n 
Ke 0.90 Entrance Loss 0.41 ft 

Inlet Control Properties 

Inlet Control HW Elev. 581.13 ft Flow Control 
Inlet Type Projecting Area Full 
K 0.03400 HDS 5 Chart 
M 1.50000 HDS 5 Scale 
C 0.05530 Equation Form 
Y 0.54000 

NIA 
9.8 ftz 

2 
3 
1 

Title: Fernald OSDF Phase V 
h:\ ... \phase afinal phase v (100%)\dc a\dc acvm 
01/29/02 02:52:09 PM 8 Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 

Project Engineer: Dana Beth Mehlman 
CulvertMaster v2.0 (2.005) 

Page 2 of 2 
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OSDF CONSTRUCTIOPUFILLINC PERIOD CONDITIONS 
SUMMARY OF CULVERT ANALYSES RESULTS 

I * 581.84 58137 0.0045 58130 Omovc-Pmjming 0.1 586.71 586.70 0.8 3.41 OGHighway 1 P 7.7 5 IO 6 12 I-27inch 11176.91 585.06 
I l r  d p l r r d  EOSDF HDPE 0.2 0.010 W d n 8  1.27 inch 

I l b  tuonfisucd EOSDF RCP 0.2 0.013 Pmjming I - I O M  60 

----- ----- ~~ 
58632 585.18 0.0059 590.00 Fmjming 0.9 i -x innm ~ 1 4 8 . 7 6  587.01 588.81 589.02 I a 2.04 O n - w i w y  2 F 6.4 6 11 6 I2  

~~~ ~~~ 

23 DOI EOSDF H d i d C M P  0.9 0.018 Fmjcaing 1-36iIIdI 91 
25 w EOSDF HdldCcMp-Arh 0.9 0.018 Pmjming 1 . 4 2  I 29 iwh 

- 
53 5U.85 58431 O.Ow0 58830 lXnWallPmJming 0.9 1-41  x19inch 25164.23 586.11 58131 587.71 0.8 3.23 On-Hlghwy 2 )cr 4.9 0 0 0 0 

2-42x191ndl 106 581.80 58136 0.0041 587.00 'ThinWlllPmjaing 0.9 1 - 4 2  xl9Lndl 27164.98 581.88 585.50 585.61 I .a ya 6.8 6 12 6 I2  1.78 01T4iighway 1 

EOSDF H d i d C M P - M c h  0.7 0.019 Milerrdu)Slc+c 2-49xI l lnd l  91 586.95 58631 0.0046 59030 MI- u) Sw 0.7 2 - 4 9 ~ 3 1 k h  ld170.77 588.04 58930 58932 1.0 1.05 Off-Highway 1 P 6.4 6 I 2  6 12 

17  roc^ EOSDF HelMCMP-Arh 0.9 0.018 Pmjd"# 

18 -- 
I1 ulnin8 EOSDF HDPE 0.9 0.011 b i d 8  I-271nd1 80 

~~ ~ ----- 
584.00 583.00 0.01u 588.50 Pmjming 0.9 I-17inch 311654 58431 585.20 585.49 1 .o 2.1 

95 580.68 519.98 0.0074 585.00 Proiming 0.Y 1-41  Inch 5144.48 58230 584.08 584.32 0.7 1 F 6.0 7 14 6 12 

Pmja ln i  I - 3 0 ~  I I5 577.05 576.w 0 . 0 ~ 9 1  sai.so Raicpins 0.9 I- lOinch 12130.11 57837 5803 580.87 0.6 2 P 6. I 5 ' 10 6 12 

431 Off-Hlphuny 

6. I 3  On-Highway 

0.9 0.019 Pmjmlng 1 - 42 inch WOSDF H d i d C M P  
Dew - 

. (rmuxuy 
I 1  m WOSDF H d i d W  0.9 0.018 

1 1  aislhu WOSDF RCP 0 2  0.013 Gmovc Ld Pmjmini ~~ I ~ IS Iixh 65 519.80 519.00 0.0123 581.80 GmveEndRojmin# 0.1 I - IS inch 1314.24 57930 581.05 581.08 0.7 - - ~ - - ~ ~ _ _ _ _ - - - -  6.1 
14 aiw WOSOF CMP 0.9 0.014 Pmjminr I-5OxIllndl 111 578.60 575.00 0.0321 582.20 Fmjmin: 0.9 1-500131 in& 141433 576.00 579.20 57938 1.8 I .l 

---- ---___-- ------ 

I OUTLET PROTECTION'" HYDRAULIC CAPACITY STRUCTURAL CAPACITY " 
CULVERT IDENTIFICATION PHYSICAL CHARACTERISTICS O F  CULVERT CULVERT PROFILE CULVERTMASTER. MODELING 

CHARACTERISTICS 

1 

0.018 FlarsdEnLsmjon I - 1 l r 1 7 l n d l  80 587.15 586.17 0.0123 SW.00 Hudwall os I . l l , l 8 l " d l  112.01 586.80 587.97 588.01 2.0 I -  1.3 I DCA CMPA - Arh 0 5  
sxining- 

ujging- 
IamOmY 

2.5 
- -  DCA PVC 0 1  0.010 Gmocle Hvdvsll 2.18 inch 55 581.60 581.30 0.0055 58530 G m o ~ H u d u d l  0.2 I - l a inch  318.41 su.u 562.76 j i i . i O  1. I 

I 
0.010 Conrmc Headdl  2 .  I8 inch 60 582.70 581x1 0.0200 587.00 Gmve H d d l  0.2 i - i a i n c h  411.90 582.94 581.4 581.45 1.5 1.1 DCA PVC 02 

1- 581.18 1.1 1.12 On-Highway 2 m 6.0 5 . LI DCA Hc l id  CMP 0.Y 0.017 Pmjming 2 ~ 3n in& 49 579.31 578.84 0.0100 58130 Pmjming 0.9 2-3oinch 8124.73 579.84 . 581.11 
' Ny- 

IO 6 I2  

0 " 

C anachmenWC40 000396 



OSDF CONSTRUCTIONlFILLING PERIOD CONDITIONS 
SUMMARY OF CULVERT RIP RAP ANALYSES RESULTS 

Temporary Protection 
Hydrocad Outlet 

Node I Peak Riprap Riprap 
Flow Rate 

(cfs) (fW Inlet Outlet 
Length at Length at 

PHYSICAL CHARACTERISTICS OF CULVERT CULVERT 
IDENTIFICATION I 

DCP Minimum Apron 
Length 

Permanent Protection 

Riprap Riprap Riprap Riprap 
Length at Length at Length at Length at 

Inlet Outlet Inlet Outlet 

Number of 
Culverts - 
Diameter 

I 

' reconfigured E OSDF 
reconfigured E OSDF 

new E OSDF 

Approximate 
Length (ft) 

new EOSDF 
new I EOSDF 

I 

Design 
Scenario 

Culvert 
Status (I' I Name 

0.010 
0.013 

Material - Type Manning's n 

Helical CMP 0.018 

Helical CMP - Arch 0.018 
2 - 36 inch 

2-42x29inch 

92 
53 

23 148.76 
25 164.23 
27 164.98 

2 - 27 inch 

6.4 4 I 8 6 12 

6.8 4 I 8 6 12 

4.9 none recommended 6 12 

1 ~~ ~ ~ 

E OSDF Helical CMP - Arch 0.020 new - 
28 temporary 
31 existing E OSDF HDPE 0.0 12 

i 

2-49x33inch  I 92' 

3 1 16.54 I - 27 inch 80 2.3 I I 

OUTLET PROTECTION 

W OSDF Helical CMP 0.0 18 I - 42 inch 95 5 144.48 6.0 4.5 9 7 14 

12 new W OSDF Helical CMP 0.018 I - 30 inch I15 12 130.1 I 6.1 4 8 5 IO 
13 existing W OSDF RCP I - 15 inch 65 0.0 I3 

new - 
temporary 

6.1 
~~ 

1314.24 
. .  ~~~~ ~ ~~~~ ~~ ~ 

14 existing W OSDF CMP 0.024 1-5Ox31inch 112 14 I 4.33 l..2 

6 12 

G 12 

DC A CMPA - Arch 0.0 I8 1 - 13 x 17 inch 80 I 12.02 3.3 

DC A PVC 0.0 IO 2 - 18 inch 55 3 18.41 3.5 

DC A PVC 0.010 2 - 18 inch 60 4 1  1.90 I : 1  

DC A Helical CMP 0.017 2 - 30 inch 49 8 124.73 6.0 4 

existing - 
I temporary 

existing - 
temporary 
existing - 
temporary 

new - 
temporary 

28170.77 I 6.4 I 3 I 5 I - I - I 6 I 12 

8 5' - IO 6 12 

+p 
12 

6 I 12 

- E OSDF = East OSDF Construction-Phase Design Scenario 
- W OSDF = West OSDF Construction-Phase Design Scenario 

. -  DC A = Design Case "A" 
- NIA = Not Applicable 
- d5, = Average particle diameter 

C attachmentslC4B RR 
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ITEM 

EMERGENCY SPILLWAY 

EMBANKMENT 

AVAILABLE STORAGE 
i O L U M E  (TO RISER INLEI 

SU BCATCH M E NT 

BORR 
DESCRIPTION 

Existing Twin 48" 
CMP 

Existing Twin 48" 
CMP 

20' long rectangular 

Cut to existing ground 

To primary spillway 
riser pipe inlet 

Total Upstream 
Drainage Area 

W AREA BASIN 
PARAMETER VALUE 
IN - NTS SHOWF 

575.3 

569.8 

578.0 

579.0 

35.8 

174.86 

U S  
I .  Mininiuni Scdinientalion Basin volume 01'35.8 acre-ft exceeds disturbed area-based volume o f 7 2  acre 
2. A freeboard greater than 1 ti of maintained for the 25-year, 24-hour storni eve] 
3. Calculation lor volume based on drainage area 

(1x00 cf) x (174.86 acres of upstream drainage area) x ( 1  yearlcleanout) = 3 14,748 cf/cleanc 

C attachmentsK5 BA 

BORROW AREA BASIN ROUTING RESULTS 

DESIGN 
PARAMETER Value 

574.29 25-YEAR 24-HOUR PEAK WATE 
ELEVATION (ft MSL) 

I REQUIRED STORAGE VOLUME 
BASED ON DRAINAGE AREA 

(acre-ft) 
7.2 I 

1 
I 

.p. 
m 
o\ 
P 



ITEM 

Riser Pipe 
b i -  

New 36" CMP pipen2" x 44" CMP 
pipe arch bulkhe:d eccentric rcduct: 
coupled to esisting 72" x 44" CMP 

a s  
n.m Outlet I'ipe 

OSDF SEDIMEP 
DESCRIPIION 

EMERGENCY SPILLWAY 

EMBANKMENT Cut to existing ground surface 

DESIGN 
PARAMETER 

10-YEAR 24-HOUR RUNOFF 
VOLUME (acre-ft) 

25-YEAR 24-HOUR PEAK WATER 
ELEVATION (ft MSL) 

100-YEAR 24-HOUR PEAK 
WATER ELEVATION (ft MSL) 

REQUIRED STORAGE VOLUME 
BASED ON DRAINAGE AREA (acre 

ft) 

Value 

8.4 I I 

575.66 

575.84 

4.886 

I SUBCATCHMENT 11 Total Upsirearti Drainage Area 

AVAILABLE STORAGE 
VOLUME (TO I(ISER INI.ET) 

iTlON BASIN 2 
PARAMETER VALUE 

To priinary spillway riser pipe inlet 

<ITS SHOWN 

575.5 

570.8 

576.0 

577.0 

8.6 

39.09 

- Notes 
1 .  Miiiiinuni Sedimciitatiw Basin v~ lun ie  of 8.6 ucrr-ft exceeds disturbed &a-based volume of 4.886 acre-ft. 

2. Flow does iiui m e r  ciiicrgency spillway fur tlie ZS-year, 24-hour storin event. 
3. A irerboanl of 1 ri is niaiiitainetl I'or the 100-yr. 24-hour storm event. 
4. C d c u l u h n  lor volunic h;isetl 011 dluinoge area. 

Miiliinuin Sediineniaiion Basin volume oC8.6 acre-fi exceeds the IO-year, 24:hour runoff volume of 8.42 acre-ft 

(0. I25 acre-Nacrc-ycnr) x (39.09 acres of upstream drainage area) x ( 1  yearkleanout) = 4.886 acre-fvcleanout 

C attachmentslC5 OSDF 
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ADDENDUM TO SECTION 13.1 

(ADDED TO REVISION 1 PACKAGE) 

The 2000-year drainage channel aligned along the east perimeter of the OSDF was 

originally designed to convey runoff fiom the east slope of the OSDF final cover system and 

runon from east of the OSDF. This channel was designed to include a 1% overbank between the 

25-year channel and the Emergency Access Road (formerly the Rerouted North Entrance Road), 

to accommodate these flows. Further analyses (presented in this addendum) show that a portion 

of the runon from the 2000-year storm event is diverted by the road embankment and thus does 

not enter the channel. Additionally, the geometry of a segment of the channel differs from the 

original design by not including a 1% overbank. 

This addendum is prepared to evaluate the adequacy of the East 2000-year channel 

considering the diversion of runon by the Emergency Access Road and the existing and as- 

designed geometry of the channel. For Cells 1 to 3, the channel geometry used in the evaluation 

is consistent with a recent aerial topographic plan, which does not reflect a 1% overbank. For 

Cell 4, the channel geometry used in the evaluation’ is consistent with OSDF Phase IV 

construction drawings, which does not include a 1% overbank. For Cells 5 to 7; the channel 

geometry used in the evaluation is consistent with OSDF Phase V construction drawings and the 

originally designed 1% overbank. Calculation procedures and input data are similar to that used 

in Section 13.1. This addendum is presented as Section 13.3 of the OSDF Final Design 

Calculation Package and is entitled “OSDF Phase V, East 2000-Year Drainage Channel 

Evaluation”. Section 13.3 is presented in Volume VI1 of the OSDF Final Design Calculation 

Package. 

D 

D 2000 year storm 
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OSDF PHASE V, EAST 2000-YEAR DRAINAGE CHANNEL EVALUATION 

- -  4 6 6 4  
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSES 

The 2000-year drainage channel aligned along the east perimeter of the OSDF (200O;year 

channel) was originally designed to convey runoff from the east slope of the OSDF final cover 

system and runon from east of the OSDF, for the 2000-year 24-hour storm event. This channel 

was previously eviiiuiiieci B pait of Cal~iiliiii~n Seciioii 13. 1. 

For the evaluation presented in Calculation Section 13.1, the channel geometry was 

consistent with the OSDF Final Design Package, which included a 1% overbank between the 

East 25-year runoff channel (25-year channel) and the Emergency Access Road (formerly the 

Rerouted North Entrance Road). The final channel geometry East of Cells 1 to 4 will differ from 

the OSDF Final Design Package by not incorporating a 1% overbank. Furthermore, analyses 

presented herein indicate that runon south of Cell 4 is expected to be diverted by the Emergency 

Access Road (road) embankment and thus not enter the 2000-yea channel. Runon along and 

north of Cell 4 is considered to enter the 2000-year channel due to the presence of a culvert and 

berm crossing the runon channel at the southeast comer of Cell 4. 

The purpose of this calculation is to revaluate the adequacy of the 2000-year channel using a 

channel geometry that exists along Cells 1 to 3 and is expected to exist (with the completion of 

Phases IV and V construction) along Cells 4 to 7, to convey runoff from the 2000-year 24-hour 

storm event with a minimum 0.5 ft freeboard. 

METHOD OF ANALYSES 

Analysis methods and input data, not specific to channel geometry, are consistent with that 

used in the OSDF Final Design calculation package “Stormwater RunodRunoff and Drainage 

Control Structures” (i.e., Calculation Section 13.1). 

- -- 
2000 year storm 1/30/2002- 
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Cross-sectional geometry for the 2000-year channel along Cells 1 to 3 was obtained fiom a 

topographic map prepared after construction of this segment of the channel. This channel 

segment exists and was constructed without the 1% overbank. Cross-sectional geometry for the 

2000-year channel along Cell 4 was obtained from OSDF Phase IV Final Certified-For- 

Construction drawings (Phase rV drawings). The channel segment along Cell 4 is yet to be 

constructed; Phase IV drawings show this segment to be constructed without a 1% overbank. 

Cross-sectional geometry for the 2000-year channel along Cells 5, 6,  and 7 was obtained fiom 

OSDF Phase V Certified-For-Construction drawings (Phase V drawings). 

RESULTS AND CONCLUSIONS 

The results of the analyses performed indicate that freeboard for the 2000-year channel will 

equal or exceed 0.5 ft (measured vertically from the subgrade of the Monitoring Access which is 

located at the approximate terminal end of the final cover system) for peak flows fiom the 2000- 

year 24-hour storm event. Based on the above, the 2000-year channel as constructed for Cells 1 

to 3 and to be constructed for Cells 4 to 7 is expected to convey the 2000-year 24-hour event 

without adversely impacting the On-Site Disposal Facility (OSDF) final cover system. 

2000 year storm 
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OSDF PHASE V. EAST 2000-YEAR DRAINAGE CHAN-NEL EVALUATION 
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OSDF PHASE V, EAST 2000-YEAR DRAINAGE CHANNEL EVALUATION 

PROCEDURES 

INTRODUCTION AND PURPOSE 

The 2000-year drainage channel aligned along the east perimeter of the OSDF (2000-year 

channel) was originally designed to convey runoff fiom the east slope of the OSDF final cover 

system and runon fiom east of the OSDF, for the 2000-year 24-hour storm event. This channel 

was previousIy evaluated as part of Calculation Section 13.1. 

For the evaluation presented in Calculation Section 13.1, the OSDF Final Design Package 

which included a 1% overbank between the East 25-year runoff channel (25-year channel) and 

the Emergency Access Road (formerly the Rerouted North Entrance Road). The final channel 

geometry East of Cells 1 to 4 will differ from the OSDF Final Design Package by not 

incorporating a 1 % overbank. Furthermore, analyses presented herein indicate that runon 

downstream of Cell 4 is be expected to be diverted by the Emergency Access Road (road) 

embankment and thus not enter the 2000-year channel. Runon along and north of Cell 4 is 

considered to enter the 2000-year channel due to the presence of a culvert gd. berm crossing the 

runon channel at the southeast corner of Cell 4. 

The purpose of this calculation is to revaluate the adequacy of the 2000-year channel using a 

channel geometry that exists along Cells 1 to 3 and is expected to exist (with the completion of 

Phases IV and V construction) along Cells 4 to 7, to convey runoff from the 2000-year 24-hour 

storm event with a minimum 0.5 ft freeboard. 

DESIGN CRITERIA 

The design criteria for ths  calculation are consistent with that used in Calculation Section 13.1. 

DESIGN SCENARIOS 

As in the OSDF. Final Design Package [GeoSyntec, 19971, three independent scenarios were 

2000 year storm 



comer of Cell 4. The capacity of the Emergency Access Road (road) embankment to divert runon 

downstream of Cell 4 for the 2000-year storm event (thus preventing the runon from entering the 

2000-year channel) is evaluated. A schematic drawing showing the layout of the East Perimeter of 

the OSDF for the purpose of hydrologic calculations is included as Attachment A- 1. 

SOFTWARE 

The software (i.e. HydroCadTM) and analysis. methods employed for this calculation is 
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Written by: Dana Mehlman (DBM D m  Date: 1/30/2002 Reviewed by: R P  Date: 0//3d/u t. 

Client: Fluor Fernald. Inc. Project: OSDF Phase V Project No.: GO1342 Task  NO.:^ 
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analyzed for the 2000-year channel. These three scenarios model differing vegetative conditions to 

reflect different time periods after the closure of the facility. The scenarios are identified as 

follows: 2000-Year Storm Design Scenario-Light Vegetation, 2000-Year Storm Design Scenario- 

Moderate Vegetation, and 2000-Year Storm Design Scenario-Heavy Vegetation. 

Layout for 2000-Year.Design Scenarios 

The layout of the East Perimeter of the OSDF for the 2000-year design scenarios is consistent 

with existing conditions and future modifications shown on Phase IV and Phase V drawings 

(Phases yet to be constructed). Runon along and north of Cell 4 is considered to enter the 2000- 

year channel due to the presence of a culvert and berm crossing the runon channel at the southeast 

consistent with that used in Calculation Section 13.1. 
\ 

HYDROLOGIC ANALYSES 

Procedures used for hydrologic analyses are consistent with that used in Calculation Section 

13.1, updated to reflect the expected long-term geometry of the 2000-year drainage channel and 

the configuration of the Emergency Access Road embankment. 

HYDRAULIC ANALYSES 

Procedures for hydraulic analyses are consistent with that used in Calculation Section 13.1, 

updated to include the 1% overbank (where expected to be present along the channel alignment), 

the geometry of the Emergency Access Road embankment, and the adjacent runon diversion 

area. 

0 2000 year storm 

- --- 
I /30/2002- 
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LAYOUT OF 2000-YEAR STORM DESIGN SCENARIOS 

i a  2000 year storm 
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D 2000 year storm 
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NODAL NETWORK DIAGRAM 
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OSDF PHASE V, EAST-2000 YEAR DRAINAGE CHANNEL 

DATA VE RIFI CAT1 ON 

INTRODUCTION 

As described in the Procedures Section, the purpose of this calculation is to revaluate the 

adequacy of the 2000-year channel, using the channel geometry that exists along Cells 1 to 3 and 

is expected to exist (with the completion of Phases IV and V construction) along Cells 4 to 7, to 

convey runoff from the 2000-year 24-hour storm event with a minimum 0.5 ft freeboard. This 

section (Data Verification) presents the selection of parameters used to perform analyses in the 

Calculations Section of this calculation package. 

HYDROLOGIC ANALYSES 

For the three 2000 Year Storm Design Scenarios, the relationships of subcatchments and 
B 
. . reaches are shown by the nodal network diagram presented in Attachment A-2. 

Rain f a  11 Distribution 

The rainfall distribution used for this calculation is consistent with Calculation Section 13.1 

(i.e., an SCS Type I1 Rainfall Distribution used for the Fernald site location). 

Rainfall Depth 

The rainfall depths used for this calculation is consistent with Calculation Section 13.1 (i.e., 

a rainfall depth of 13.0 inches is used for the 2000-year storm event). 

Runoffcurve numbers 

The runoff curve numbers used for this calculation are consistent with Calculation Section 

12.5, "OSDF Phase V, Surface-Water Management System Design and Post-Closure 

Hydrology", adjusted to an antecedent moisture condition (AMC) of 111. Subcatchment 

B 2000 year storm 
- --- 

I I3 012002- 

000416 



GEOSYNTEC CONSULTANTS PAGE \ \  O F b 5  
Written by: Dana Mehlman CDBM) DBM Date: 1/30/2002 Reviewed by: PLP Date: d//’u/fi 

2000-Year Storm 

Design Scenario 
Light Vegetation 

Moderate Vegetation 

Heavy Vegetation 

Client: Fluor Fernald. Inc. Project: OSDF Phase V Project No.: GO1342 Task  NO.:^ 

Manning’s n for Sheet Manning’s n for 

Flow Channel Flow 
0.150 0.030 

0.240 0.030 

0.240 0.100 

- 4 6 6 4  
D characteristics including total area and data for calculation of weighted CN are tabulated in 

Attachment B-1. Data includes the percentage of subcatchment area for combinations of HSG, 

CN, and a land use description for each subcatchment. Land use description is selected to be 

consistent with conditions expected for the post-closure period. 

Subcatchment Time of Concentration 

Subcatchment characteristics for calculation of time of concentration are tabulated in 

Attachment B-2. Parameters include those for sheet, shallow concentrated, and channel flow. 

As in Calculation Section 13.1, three different scenarios are analyzed. Different combinations of 

Manning’s number, for both sheet and channel flow, are selected for each design scenario. These 

pzczeters x e  presentzc! bckti: &id iire ccrfisisieiii w-iiii those useu in Laicuiaiion section i3.  i : I .  n .  . I .  

HYDRAULIC ANALYSES 

Geometric characteristics (i.e.’ sideslopes, width, and longitudinal slope) for the channel 

segment along Cells 1 - 3 were established from site topography from the January 2000 flyover 

(existing topography). Geometric characteristics for the channel along Cell 4 were established 

from the Phase IV Certified-For-Construction drawings. Geometric characteristics for the 

channel along Cells 5 - 7 were established from the Phase V Certified-For-Construction 

drawings. As described above, the Manning’s n value will vary between scenarios. For the Light 

Vegetation, Moderate Vegetation and Heavy Vegetation 2000 Year Storm Design Scenarios, the 

Manning’s n values are 0.030, 0.030, and 0.100, respectively. Data for channel segments are 

presented in Attachment B-3. 

B .  2000 year storm 
-- 

1/30/2002- 
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SUBCATCHMENT AREA 
AND WEIGHTED CURVE NUMBER DATA 

D 2000 year storm 

. . .  . 
, . .  
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SUBCATCHMENT AREA AND HYDRO CAD^^ INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

2000 YEAR STORM DESIGN SCENARIOS - -  4 6 6 4  B 

N 

0 

. 11.66 75% B mnon east of OSDF 69 
25% C mnon east of OSDF 79 

10.94 65% B runon easf of OSDF 69 
35% C mnon east of OSDF 79 

NJA - Not Applicable 

B attach 2OOOlB1 
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DATA FOR CALCULATION OF TIME OF CONCENTRATION 

2000 year storm 



WDROCADni INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR STORM DESIGN SCENARIO - LIGHT VEGETATION 

SUBCATCHMENI UBU SHEETFLOW I 
AND DESCRIPTION "(F;"" Swl-Dcs+b Mnnbgbn 

N k  - 
A 
B 

rvvl- 90 mx 0.150 o.osm 

C . epned lh . lw  90 @as: %kEl 0.150 0.0500 

D rvul- 90 plrr mM 0.150 0.0500 

E rpmrdlhul~vu 90 pss: IMn 0.150 0.0500 

P nl~Kdmmrcr 90 gnu: dwn 0.150 0.0500 

c 90 gnsx IMn 0.150 0.0500 - 4 r r l -  
H =yaurdrul- w l h ~ n  0.150 0.0500 

I N-cvldOSDF 210 g n u ,  sb?n 0.150 0.mo 
- a o f O S D F  300 gnss S M n  0.150 0.0158 J 

K lynm em d 0 S D F  300 - sbn 0.150 0.0070 

L N- cvlorOSDF 300 grass: slum 0.150 0.0250 

m ID- M d  OSDF 300 lhOn 0,150 0.0100 

N m m c ~ d 0 S D F  3W pur rMn 0.150 0.0198 

m m  cvldOSDF 300 gnss rMn 0.150 0.0200 

-dllMlmrrr 9O pass: IMn 0.150 0.0750 - 

0 

C W N N U  FLOW I CHANNEL FWW 1 SHEET now 2 SHEEl FLOW J SHALWW CON-TED FLOW SHALLOW CONCEh7UTED FLOW 

"( f "  SUdxsD- Mnnh:>D -'lsr "w(T S u d a D - h  Mulob;'sa usb Rouh8th fnr(r. Lndslqr(wn) - k c *  BmmWdh (", hWw(n, s-(w ~ r m ~ i : ~ n  Lnl'uuw ~-b& R ~ D I ~ ~ ( W  si ihps(tun) ~~~~~o L'*da 
(9 S b P ( n m )  (n) cnr S W ( l V h )  

(w (MI (") D- Lnd~!ol%+r(~l "(T"" ::dE 
-.______- -- 

~~ 

60 gur. mat 0.150 0 . 1 0 ~ )  150 e: Q.,,, 0.150 0.1700 IW unpaved 0.1700 

60 Sra. rhon 0.150 0.1000 I50 W: S h o n  0.150 0.1700 190 unpa\w 0.1700 370 0 2.33 6.0.4.0 0.030 0.0035 

60 (nu: shan 0.150 0.IwO IS0 mr: rhon 0,150 0.1703 180 unpaved ' 0.1700 200 0 1.86 6.0.5.0 0 2.86 6.0.4.0 . 0.030 0.0045 

60 pass: s h a  0.150 0.1000 150 g n x  s h a  0.150 0.1700 170 unpaved 0.1700 50 0 332 6.0,4.0' 

W pnn shon 0.150 0.IwO I50 g m s  shon 0.150 0.1700 175 unpaved . 0.1700 360 0 3.68 4.0.6.0 

60 Iraa: shan 0.150 0.10M) I50 grass I ~ M  0.150 0.1700 175 unpsval 0.1700 370 0 3.86 1.0.6.0 0.OM 0.0050 

60 pss: mat 0.150 0.10~) IM WS: ~ 0.150 0.1700 175 0.17M) 440 0 3.86 3.0.6.0 0.030 0.OO.W 

- - .~ 55 0 2.03 4.0.6.0 0.030 0.0075 

- 100 unpaved O.OI58 I50 0 233 6.0.4.0 0.030 0.0035 

- 290 y"paved 0.0200 250 0 2.86 6.0.4.0 O.OM 0.WJ 

~ ---- - -___-- -- 
0 0 2.03 4.0.6.0 0.030 0.0075 130 203 6 .0 .64  0.030 0.0250 310 . 

0.030 0.0083 150 

0.030 0.0045 320 

0.030 0.0050 

--- 
~~ ~ - - _ _ _ _  ----- ---- -- 

0,030 0.0105 6.0.3.0 0 . 332 

--______- ~ ---- 
~~ ~ ~~ ~~~ 

---------- -- 
0 

0 350 uapaved 0.0139 180 unpavrd 0.0167 3w 0.82 4.0.3.0 

140 unpaved 0.0250 170 unpaved 0.0375 90 3.32 6.0.3.0 0.030 ' O.OIO5 - .  ~ -- 
0.030 0.0125 . . ,  . 

. I -  770 unpaved 0.0198 395 O 1.17 58.0.3.0 0.030 Oal00 

I 1 -  420 unpaved 0.0200 250 0 1.17 60.0.3.0 0.030 I 0.0100 
. 



HYDRO CAD^ INPUT PARAMETERS FOR TRE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR STORM DESIGN SCENARIO - MODERATE VEGETATION 

SUBCATCHMEHTUBEL. SHEFT R O W  I 
AND DDCRWTION 

W L d  M d n o  -sW 
(11) (MI) 

90 gras: dens 0140 0.0500 
Na 0- 

A 

B 
~ ~~~ 

T n l r d -  
=:c(.lcd r d  DDIIl 90 dnvc 0140 0.0750 

C nwwrdoolcr 90 grass dmp 0.240 0.0500 

E = p = w  rvul 90 p s s  denrr 0.240 0.0500 

F rmd mm 90 gms: dense 0.240 0.0500 

C 90 p s :  dcnrc 0.240 0.0500 

H npud rvul m- 90 pas d w  0140 0.0500 

I mnm .mdOSDF 210 -: dsnv 0.240 0.0050 

1 NMO e w  dOSDF 300 @ass dmp 0140 0.0158 

K NMI~ WofOSDF 300 gras: duuc 0140 0.0070 

D 
~ ~ _ _ _ _  ~~~~~~ ~~ 

90 grss d w  0.240 0.0500 W-M r d  DDIcT 

=:caLlud r-1 cow 
~ ~~~ 

L nmncvldOSDF 300 p s :  d- 0.240 0.0250 

M m m M d  OSDF 300 0.240 0.0100 

N m-caorOSDF 300 gns: dmp 0140 0.0198 

0 nnanru~orOSDF Mo pnrr: denrr 0140 0.0200. 

S H W  F M W  2 SHEFT FLOW 9 S I U L L O W C O N C E K ~ ~ U T E D M W  SHAUOWCONCENTUTED R O W  CHANNEL FLOW I CHANNEL FtOW 2 

(N k ~ c p l h c n )  S*~(MI) w h r g x o  h@bd RovLsl@ B M m w ~  holpe.(n) s i ( m )  uumhyxn h n ~ ~ d d  (MI) (N cm sbp (Ml) ((0 (1) S k W f ~ )  
"(p& sudu- h,umhI,n b b w h  MMnhi,n h d s W  m w h ~ d  Surf= cnm) (N Darriptm LuldSlop(MI) Gm U n d S b p c ( W  B'l'omwdul 

--______--- ~ ----- ~ 
~~ _____ 

60 rn dcrue 0.240 0.1000 I50 p r :  dsnw 0140 0.1700 190 upad 0.1700 
---------- 

I30 0 I .90 6.0.6.0 0.030 0.0250 320 0 I .90 4.0.6.0 0.030 0.0075 
~ ~~ - - .  

60 anSS: dsvc 0140 0.IwO I50 @ass dens 0.240 0.1700 190 unpaved 0.1700 370 0 215 6.0.4.0 0.030 0.0035 

60 rn d a x  0.240 0.1wO I50 grass: d a x  0.240 0.1700 I70 unpavd 0.1700 50 0 3.1D 6.0.4.0 0 3.10 6.0.3.0 0.030 0,0105 

60 p s s :  denre 0240 0.lW IS0 grass: dcnw 0.240 0.1700 175 unpaved 0.1700 360 0 3.45 4.0.6.0 0.030 0.0050 

60 ' rn dmw 0.240 0.1wO I50 gnu:  dmw 0.240 0.1700 175 unpaved 0.1700 370 0 3 .64 3.0.6.0 0.030 0.0050 

60 p s :  dmsc 0.240 0.I000 I50 p r :  dmw 0.240 0.1700 I75 unpaved 0.1700 440 0 3.64 3.0.6.0 0.030 0.0050 

~ 55 0 1 9 0  4.0.6.0 

- 100 w v e d  0.0158 IM 0 2.15 6.0.4.0 0.030 0.0035 

- 290 Imp.ved 0.0200 250 0 2.65 6.0.4.0 0.030 0.0045 

170 unpaved 0.0375 90 0 3.10 6.0. 3.0 0.030 0.0105 

- 350 unpnved 0.0139 180 upaved 0.0167 360 0 0.75 4.0.3.0 0.030 0.01U 

- 770 unpaved 0.0198 395 0 1.08 58.0.3.0 0.030 0.0100 

~ 420 unpaved 0.0200 250 0 I .08 60.0.3.0 0.030 0.0100 

0 0 2.65 2.65 6.0.5.0 0.030 0.0083 150 

0.030 0.0045 320 

6.0.4.0 . 0.030 0.0045 200 -------- _ _ ~ ~ - - _ _ _ _ _ _  -~ 
~~ ~~ ----.___----- 

60 m e  h X  0.240 0.1000 I50 pass dmw 0140 0.1700 180 unpaved 0.1700 
~~~ 

--------- ~~ ~ ---, ~~ ~~ ~~ ~~~~ 

0.030 0.0075 

~~ ~ 

PI__- -- 140 unpaved 0.0250 - 
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HYDRO CAD^ INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR STORM DESIGN SCENARIO - HEAVY VEGETATION 

. .  . . . .  
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ATTACHMENT B-3 

CHANNEL ANALYSIS INPUT DATA 

2000 year storm 
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ZW0 YEAR STORM DESIGN SCENARlO - LIGHT VEGETATION 
SUMMARY OF CHANNEL INPUT DATA 

Channel Identikniun 
Channel Design 
NnlnC‘” SV*WS Sccnilriu 

suhcatchmcnl B exisling 2000 DS 
reach 1 existing 2WlDS 
reach 2 exkxing 2 W D S  
reach 3 new ‘‘I 2 W  DS 
reach 4 N W  2000 DS 
reuch 5 1KW 2 W  DS 
reuch 6 W\V 2W) DS 
ratch 7 I E W  2 W  DS 
Rich  R W W  2 ~ X X I  DS 
rcaeh Y new 2000 DS 

Section 
SbpC 

V K  

vrc 

vec 

vee 

vcc 

vcc 

ver 

V N  

we 
M 

2 W  DS = 2 W 1  Ycvr Slurni Design Sceiwiu 

C h n e l  Churi 
M i n i u m  I Longitudind 

II.Y0 0.35% 
1 0 . Y O  0.35% 

0.45% 
0.45% 

0.50% 
5.16 0.50% 
3.60 1.2541, 

3.50 1.002 

Nutu: 

0.030 
0.030 
0.030 

0.030 6 

4 

I I I 
I I 

5 
6 I lnmllonally left blank. Is add& in the calculation section. 

1. Channels UR nnmtd idler lhe curmpundinp subcnlchmenl or w h .  
2. Longitudinal slupes taken frum cxislig iuptrgraphk lnforimkm & cunsuuction drawiap. 
3. NIA Wiulu lhat LhCR is nul spccik HydruCAD node !ssucialed with lhe pllnicub cllwnel 
4. This c h w l  will be CUIISINC~K~ w put of Phase IV project. 



- 
2000 YEAR STORM DESIGN SCENARIO - MODERATE VEGETATION 
SUMMARY OF CHANNEL INPUT DATA 

Channel 
Nm‘” 

ukaichment B 
reach I 
reach 2 
w c h  3 

r c x h  5 
reach 6 
reilVll 1 
reach II 
mach 9 

reach 4 

Design 
SlStUs S c e n;l r i u 

eiisthg 2WN DS 
exisling 2WlDS 
existing 2WK) DS 
new ‘‘I 2(xN DS 

new 2 w 0  DS 
ne \V 2000 DS 
new 21XKI DS 
IW\Y 2wO DS 
W W  21XK) DS 

W W  2 ~ x 1 ~  DS 

2(W DS = 2Wl Yenr Storm Design Scenario 

Scctiun 
S h p  

ver 
VCC 

V e C  

vee 
WC 

VeC 
V f X  

vce 
VCC 

vce 

Minimum Lungitudirw 
ChanMl SIUpN 

I1.YO 0.352 

I0.Yo 0.35% 
0.45% 
0.45n 

O.SI)+ 
5.88 0.50% 
5.76 (1.Sll2 
3.60 1.25% 
3.51 I .(XI% 

3.50 I .WH. 

Noier: 

rislics - 
wmning 

n 

0.030 
0.03(1 
0.030 
0.0311 
0.03(1 
0.030 
0.0311 
0.03ll 
0.030 
11.030 

- 

- 

Inrentionally lefi blwk. Is addressed in ihe calculation wlion. 

0 6 3 2R 
0 4 3  x 
0 58 3 Y 
o w 3  IR 

1. Channels are named after 1 1  cumspunding rubcalchmeni ur reach. 
2. Lcingiiudinal slopes iilLen from existing iopographic inlormation UIUI construction druwhgs. 
3. N/A indkules l h t  there is no1 specilii HydruCAD nwlc ~~~~oc ia ted  with the paniculnr channel 
4. This c h m l  will be cunslrueted as p u t  of P h m  1V prujecl. 

I 

a 
cn 
o\ 
Q 



ZWU YEAR STORM DESIGN SCENARIO. HEAVY VEGETATION 
SUMMARY OF CHANNEL INPUT DATA 

ringiludd 
Shipe'" 

0.35% 
11.35% 

0.45%. 
0.45% 
0.51)% 

0.50% 

u.50y. 
1.25% 

I.W% 
1.wz 

(5) 

Manning Bolitmi 
n Widlh 

B cn) 
U.I(XI 0 
t1.11)O I1 

O . I ( H I  0 
U.1lXl 0 
U.Io(1 0 
0.1w (I 

O.Io(1 0 
. 0.100 0 

U.IIX1 0 
0.1w 0 

Desigii Srcliun 
Sccllnl1u sll;lpc 

ztxni DS w 
2lMUI DS VCC 

2000 OS WE 

2uuu DS vee 
2UKl DS VLT 

2wO DS K C  

2IMI DS VCC 

ZMK) DS VCC 

2000 DS VCC 

2WnI OS VW 

Mininiuni 
Channel 

Dcpih (1)) 

I1.YO 

IU.YtI 

1.13 
0.76 
7.25 
5.m 

5.16 
3.M) 

3.51 
3.50 

2WI DS = 2W Ycu Siurm Design Scrmrio Nom: 

Channel 
Name"' 

subcuichnKni B 
rcach I 
Rach 2 
rench 3 
rcilch 4 
much 5 
renrh 6 
renull 7 

rwch 8 
reach 9 

0 
0 

SIUIUS 

enisling 
enisling 
enisling 
new "I 

W W  

nCW 

llCW 

nc \V 

I K W  

new 

B ellsch 2WMl3 heavy 

- 
Side 
Slupe 
M,:l 

6 
6 
6 
6 
6 
6 

6 
4 

- 

sm 
60 - 

- 
Side 

Slllpe 
M,:l 

4 
4 

5 
3 
4 
3 

3 
3 

3 
3 

- 

- 
1, Channels m named d c r  ihe currespundig suknichmenl ur reach. 
2. h n g i i u d i  slopes taken from cnisiing lopugraphic informstiun and consuuction drnwinl:s. 
3. NIA indiwlc.8 ihnt there is not speeilic HydmCAD node nssirhted wilh the pnniculilr channel. 
4.  This c h m l  will h OU~lrUCled Ds pun of Philsc IV pmjccl. 
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OSDF PHASE V, EAST 2000-YEAR DRAINAGE CHANNEL EVALUATION 

CALCULATIONS 

INTRODUCTION 

As described in the Procedures Section, the purpose of this calculation is to revaluate the 

adequacy of the 2000-year channel, using the channel geometry that exists along Cells 1 to 3 and 

is expected to exist (with the completion of Phases IV and V construction) along Cells 4 to 7, to 

convey runoff from the 2000-year 24-hour storm event with a minimum 0.5 ft freeboard. This 

section (Ca!zu!a:i~ns) piesciits d d i i t i o i i s  based liii pruceilu~*es and daia presented in the 

Procedures and Data Verification Sections of this calculation package. 

HYDROLOGIC ANALYSES 

Hydrologic analyses are completed for the three 2000-Year Storm Design Scenarios, nodal 

networks are prepared, and HydroCADTM runs are performed for the 2000-year, 24-hour storm 

event. HydroCADTM output reports for these runs are presented in Attachment C-lA, C-lB, and 

C- 1 C for the Light Vegetation, Moderate Vegetation, and Heavy Vegetation 2000-Year Design 

Scenarios, respectively. The primary calculation parameter obtained. from the HydroCADTM 

output reports for use in this evaluation is 2OO0-yeary 24-hour peak flow rate. 

Weighted runoff curve numbers are calculated using a spreadsheet. Results are presented in 

The calculated weighted runoff curve numbers are directly input into Attachment C-2. 

HydroCADm. 

HYDRAULIC ANALYSES 

A cross-section was selected for each cell for evaluation of freeboard using the peak flow 

rate from each of the three design scenarios. These cross-sections are shown in Attachment C-3. 

Freeboard is measured vertically between the level of the Monitoring Access subgrade and water 

level calculated using Manning’s equation for 2000-year’ 24-hour peak flow rates. Calculations 

for freeboard were performed using a computer spreadsheet. Spreadsheets for each design 

scenario are presented in Attachment C-3. 

2000 year storm 

800428 
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--‘4664 
For incorporation into Manning’s equation, the geometry of the 2000-year channel was 

D 
modeled to be V-shaped. Since the configurations of the channels are non-uniform, calculation 

results (for the design scenario with the greatest flow depths, the heavy vegetation scenario for all 

cells) are presented on cross-sections for each cell in Attachment C-4. 

RESULTS AND CONCLUSIONS 

In all cases, the V-shaped flow area modeled using Manning’s equation exceeds the actual 

available flow area. 

Results of the analyses performed indicate that freeboard for the 2000-year channel will 

equal or exceed 0.5 ft (measured vertically from the subgrade of the Monitoring Access which is 

located at the approximate terminal end of the final cover system) for peak 2000-year 24-hour 

storm event. Based on the above, the 2000-year channel as constructed for Cells 1 to 3 and to be 

constructed for Cells 4 to 7 is expected to convey the 2000-year 24-hour event without adversely 

impacting the On-Site Disposal Facility (OSDF) final cover system. 

B 
. . .  . . .  

2000 year storm 
- - -- 

1 /30/2002- 
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2000 year storm-light 
mepared by GeoSflteC COnSUllants 

Type I /  24-hrRainfaU=l3.00'(AMC=$ 
Page 1 

1 / 2 ~ 0 0 ~  ~ydmCABS6.00 dn 0009% 0 1986-2001 APPbd Microcomputer S ~ l W n s  

Tlme span=0.0424.00 hrs. de0.05 hrs. 481 points 
Runoff by SCS TR-20 melhcd. UH=SCS. Type II 2 M r  RalnfaU=13.00' (AMC=J) 

Reach muting by S(or-lnd+Trans method - Pond muting by Slor-lnd method 

Submchment A: vegetated flnal cover 

mchmenl  E: Vegetated final cover b 
Subcatchment C vegetated Rnal cover 

Subcatchment 0: vegetated flnal cover 

Subcatchment E: vegetated Rnal cover 

Subcatchment F: vegetated final cover 

Subcatchment 0: vegetated Rnal cover 

Subcatchment H vegetated final cover 

subcatchment I: e a n  of OSDF 

Subcatchment J: runon east of OSDF 

Subutchment K runon east of OSDF 

C. .L_d^L -*-. I '̂,-.E"C "--. 

Subcatchment y: runon east of OSDF 

Subcatchment N runon east of OSDF 

Tc-17.6 mi" CN-99 Area-2.601 Runoff= 33.78 ds 2.764 01 

Tc-7.4 min CN-99 Ams-1.637 ac Runoff=28,68da 1.755af 

Tc-19.5 min CNn99 Ama-4.960 ac Runoff- 6126 ds 5.307 af 

TcrlB.8 mi" CN-99 Ares4746 ac Runoff- 59.75 d s  5.079 af 

Tc=l8.S min CN-99 Ana~4.946 ac RunoU-62.74 ds 52¶3sf 

1-18.7 mln CN-99 Ama-4.814 ac Runoff-60.75 dt 5.152sf 

Tc-I 8.7 mln CN-09 Area-4.846 ac Runoff= 62.42 cfr 5.293 af 

Tc=18.9 min CN-99 Area-3.921 11c Runoff= 49.23 s h  4.196 af 

Tc-13.6 min CN-01 Area-0.530 ac Runoff= 7.53 da 0.524 af 

Ts-30.4 mi" CN=91 Aroa4.242 ac Runoff- 1167ds 1223 af 

Tc-42.9 mi" CN-87 Area-2.623 ac Runoff- 19.22 ds 2.464 af 

Tcs25.9 min CN-66 Area-1.779 IIC Runoff- 17.68 d r  1.657af 

Tc=41.0 min CN-87 Arean7.234 BC Runoff- 54.76 d o  6.796 af 

Tsn33.9 min CN-86 Area-11,664 ac Runoff- 99.51 CIS 10.848 a1 

Subcatchment 0: runon e a n  of OSDF 
Tc=30.5 mln CN-87 Area-10.935 as Runoff. 100.32 da 10.297 sf 

00 year storm-light Type /I 2441 RainfaU=lJ.W (AMC'3) 
Page 3 repared by GeoSyntec Consultants 

H mCAW 6.30 .In 000929 0 1986-2001 Applimd MI-sompulsr Syslsms 1123/2002 

Subcatchment A: vegetated nnal c o w  

b, 
Runoff = 33.78 cls @ 1209 hrs. Volume= 2.784 af 

Runoff by SCS TR-20 method. UH=SCS. Ti- Span= 0.0424.00 hrs. dl= 0.05 hs 
Type II 24-h Ralnfall=13.00* (AMC=J) 

: . 

Area (ac) CN Desdplion . 2.601 98 
2.601 98 Weighted Average. Adjusled for AMC = 99 

Tc Length Slope Velocity C a p a m  DesafpUon 

6.9 90 0.0500 0.2 Sheel Flow, 

3.8 60 0.1000 0.3 Sheel Flow, 

6.4 150 0.1700 0.4 Sheel Flow. 

0.5 190 0.1700 6.6 Shallw Concentrated Flow, 

(mln) (feel) ((tlR) (Wsec) (cfs) 

Grass:Shorl nn0.150 P212.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 fps 
17.6 490 Total 

Subcatchment A: vegetated final cover 
Hydrogrnph PIoI 

2000 year storm-light 
Prepared by GeoSyntec Consultants 
HdmCAO@B.OO dn wo929 0 1988-2001 Anpiad Micmcompulsr Swlsms 

Type /I 24-hr Raii1fan=l3.Or(AMC=3) 
Page 2 

l n u 2 o o ~  

Reach 1: Nn~ff channel I n k w  63.06 d s  5.063 sf 
Length. 405.0' Max Vel- 2.9 fpe Capacihp 2.565.53 d. oumDw60.44 dr 5.0% at 

Reach 1R: (new node) Inflow 232.74 cfs 27.897 ef 
O u t b w  232.74 d s  27.897 sl 

Reach 2 runoffchanml inm- 130.82 m 11.584 d 
Lenglh- 385.0' Max Ve* 4.3 Ips Capacity 2.054.66 d s  OulnDw 127.84 d s  11.571 af 

Reach 2R: (new node) InnDwn 387.27 d s  40.567 d 
Oulfbwo 38727 ds 40.587 af 

Reach 3 runoffchannel Inflow 197.81 d s  19.114d 
Langlh- 405.0' Max Val= 5.4 fp. Cspacily. 1.590.57 da OumOwl194.33 h 19.096 af 

Inflow 266.74 d s  26,046 d 
Lnnglb 395.0' Max Val= 4.6 Ips Capady. 1.377.52 d s  Oulfbup264.25 d s  28.019 of 

Reach 5: runoff channel InnDw 314.75 dt 31.170 a i  
Longh=lO5.0' MaxVsh52fpr CapacRy.840.15ds 0 ~ 3 1 0 . 5 2 d s  31.140d 

Reach 6: runoff c h a n n l  Inflow 358.63 d s  36.432 d 
Length- 475.0' Max VsC 5.3 fpr CapacayP 600.53 d s  Oulfbw 353.44 c k  36.392 af 

Reach 4 runoff channel 

Reach 7: e& runon dkh 
Lsnglhn 395.0' Max Val- 0.0 fps Copacihp 242.98 dr OumDwp 0.00 d e  0.OOO d 

Reach 8: east Nnon dkch l n k w  54.76 d s  6.798 af 
Longlh- 405.0' Max Vel- 2.7 Ips Cap+ 1.79423 d s  OumOwo 54.22 d s  6.785 sf 

Reach 9: east runon ditch l n b w  146.94 cfr 17.632 af 
Length- 475.0' Max Vel- 3.4 fpa Capaclly. 1.636.60 da Outf low 145.53 d a  17.600 a i  

R u n o f f h a  = 60.578 ac Volume 68.670 af Average Depth = 12.02- 

- 4 6 6 4  

2000 year storm-light 
Prepared by GeoSyntec Consultants 
HydmCAW6.00 d n  000929 0 1986-2001 ApplPd Microcampuler Syslemr 

Typs /I 24-hr Ra;nfa//=13.00" (AMC=3) 
Page 4 

l n 3 n o o ~  

Subcatchment 0 vegetated Rnal cover 

RUMH = 28.68 cfs @ 11.98 hn. Volume= 1.755 af 

Runoff by SCS TR-20 melhod. UH=SCS. Time Span= 0.0424.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainfall=l3.00' (AMC=I) 

Area(=) CN Desuiplion 
1.637 98 
1.637 98 Weighted Average. Adjusled for AMC = 99 

Tc Length Slope Vebcity Capacity DeSaiplion 

5.9 90 0.0750 0.3 Sheet Flow, 

0.3 130 0.0250 7.8 193.80 TrapNeelRecC Channel Flow. 

1.2 320 0.0075 4.3 88.06 TrapNeelRen Channel Flow, 

7.4 540 Total 

(min) (feet) (WH) (Wsec) (cfs) 

Grass: Shon n= 0.150 P2= 2.60- 

EOI.W=O.OO' O=ZOY z= 6.0 -r n= 0.030 

Bol.W=O.OO D=Z.OT Z= 4.0 h 6.0 7 n= 0.030 

Subcatchment B: vegetated final c o v e r  

Hvdrwnoh Plot 

000432 



2000 year storm-light T y p  I/ 24-hr Rainfa/l=ltOO" (AMC=3) 
Prepared by GeOSynteC Consultants Page 5 Prepared by GeoSyntec Consultants Page 6 

112312002 

Type I1 24-hr Rainfa/l=13.0[r (AMC=3J 

1nuzooz 
2000 year storm-light 

H\droCAO@ 6.00 elm 000929 0 1986-2001 AppLd  Msmwmpulsr Sysbme H ~ ~ c A W D  8.00 d n  000929 0 1988-2OOl Applied Micmwrnpular Swiemr 

Subcatchment C vegetated final cover Subcatchment D: vegetated f inal cover  

~ m f f  = 6128 cfs @ 12.11 hrs. Volume= 5.307 af RumH = 59.75ds @ 12.10 hm. Volume= 5.079 af 

~ ~ m f ~  by sCS TR-20 method. UH=SCS. Time Span= 0.00-24.00 hrs. dtr 0.05 hrs R w H  by SCS TR-20 method. UH=SCS. l i m e  Span= 0.00-24.00 hrs. dI= $05 hrs 
Type II 2dhr Ralnlall=13.00' (AMC=3) -- $ 6 4 4  pe I1 24-k RainfalC13.0(P (AMC=3) 

Area(ac) CN Desuiplion Area (ac) CN Description 
4.960 98 4.746 98 
4.960 98 Weighled Average. Adjusted lor AMC 99 4.746 98 Weighted Average. Adjusled for AMC = 99 

000 year storm-light Typa /I 24-hr RainfaX=lJ.DO' (Ah4C.9 
Page 7 

In312002 
Prepared by GeoSyntec Consultants 
HdmCADO 6.00 s/n 000929 0 1986-2001 Applied Mlsmcompulor Systems 

Subcatchment D: vegetated final cover 

HvdrwmPh Plot 

TC Leng!h Slope Vebdty Capacity Deruiption 

6.9 90 0.0500 0.2 Sheet Flow, 
(min) (feet) (hm) (Wsec) (CIS) 

Grass: Short n= 0.150 PZ= 26V 

GrasShort n=0.150 P2-260' 

Grass:ShoR ~ 0 . 1 5 0  PZ=2.W 

Unpaved Kv=16.1fp?l 

Bot.W=O.Oo' D=2W Z= 6.0 6 5.0 'r IF 0.030 

3.8 M) 0.1wO 0.3 S k I  mow. 

6.4 150 0.1700 0.4 Sheet Flow, 

0.5 180 0.1700 6.6 Shallow Cmcenlrated Flow. 

0.6 200 0.0083 5.7 254.88 TrapNeelRectChannelFlow. 

0.6 150 0.0045 4.2 170.16 TrapNewRedChannel Flow, 
BoLW=O.M)' D=2.W Z= 6.0 6 4.0 7 n= 0.030 

18.8 830 TOW 

2000 year storm-l ight 
Prepared by GeoSyntec Consultants 
HydroCADB6 00 SI" OOW29 @ 1986-2001 Apolmd Mwocompulsr Systems 

T y p  /I 24-hr Rainfa1/=13.0O" (AMC=3J 
Page 8 

1R31200~ 

Subcatchment E vegetated final cover 

RuMff = 62.74Ch Q 1210 hm. Volume= 5.293af 

RUMff by SCS TR-20 ~ett 'od. UHXSCS. Time Sp~=O.O0-24.00 hrs. dl= 0.05 h K  
Type II 24-hr RainfalI=13.00' (AMC=3) 

Area(ac) CN Descriptian 
4.946 90 
4.946 98 Weighted Average. Adjusted for AMC = 99 

TC Length Slope Velocily Capacity Desdption 

6.9 90 0.0500 0.2 Sheet Flow. 

3.8 60 0.1000 0.3 Sheel Flow. 

6.4 150 0.1700 0.4 Sheel Flow, 

(min) (feet) (hM) (hlsec) (cfs) 

Grass: Short n= 0.150 PZ= 2.64 

Grass: Short n= 0.150 P2= 2.60' 

Grass: Short n= 0.150 P2- 2.60' 
0.4 170 0.1700 6.6 Shallow Concentrated Flow, 

02  50 0.0045 4.6 253.27 TrapNeelReclChannel Flow, 

0.8 320 0.0105 7.0 346.69 TrapNeemenChannel Flow, 

Unpaved K\r- 16.1 Ips 

aot.w=o.oo' 0.3.32' Z= 6.0 6 4.0 .r n= 0.030 

Bol.W=0.00' 0.3.32' Z= 6.0 6 3.0 'r n= 0.030 
18.5 840 Total 

000433 



2000 year storm-light 
Prepared by GeoSynrec Consullants 

Type I/ 24-hr RainlaU=13.00" (AMC=3) 
Page 9 

1/23/2002 H@~CADQ) 6.00 sln 000929 0 1986-2001 Applkd Microcomputer Swtems 

Subcatchment E vegetated f inal cover 
Hydrograph Plot 

2000 year storm-light 
Prepared by GeoSynlec Consullants 
HdmCAOQ6.00 sin 000929 Q 1985-2001 Applied Microcornpuler Syrlorns 

Type /I 24-hr Rainfa//=13.00'(AMC=3) 
Page 10 

1n3noo2, 

Subcatchment F vegetated f ina l  cover  

Runoff = 60.75 cfs @ 12.10 hrs. Volume= 5.152 af 

Runoff by SCS TR-20 method. UHrSCS. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type I I  24-hr RaInfalI=13.00' (AMCs3) 

Area (ac) CN Description A -  
4.814 98 
4.814 98 Weighted Average. Adjusted for AMC = 99 9 

- A 

Tc Length Slope Vel0c.Q Capacity Desaiption 

6.9 90 0.0500 0.2 SheelFlow. 

3.8 60 0.1000 0.3 Sheet Flow. 

6.4 150 0.1700 0.4 Sheel Flow. 

0.4 175 0.1700 6.6 Shallow Concenirated flow. 

(mln) (feet) (ftlsec) (cL) 

Grass: Short n=0.150 P2=2.60' 

Grass: Short n= 0.150 P2= 2 .W 

Grass: Short IF 0.150 PZ= 2.6W 

Unpaved Kv; 16.1 fps 

BotW=O.OO' D=3.68' Z= 4.0 h 6.0 T n= 0.030 
1.2 360 0.0050 5.2 351.31 TrapNeeiRect Channel Flow, 

18.7 835 Total 

8 00 year storm-light 
Preoared bv GeoSvnlec Consultants 

Type I/ 24-hr RahfaI/=13.00" (AMC=3) 
Page 11 

1/23/2002 H&CAO@ i.00 Ynb00929 0 1986.2001 Appliid Micmmmputar Syrlarnr 

Subcatchment G: vegetdted f inal cover 

R m f f  = 62.42cfs @ 12.10 hm. Volume= 5.293 af 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type I I  24-hr Rainfall=13.00'(AMC=3) 

Area (acl CN Descriplion 
4.946 98 
4.946 98 Weghled Average. Adjusted lor AMC = 99 

Tc Length Slope Velocity Capadty DeSCIlpliin 

6.9 90 0.05w 0.2 Sheet Flow, 

3.8 60 0.1000 0.3 Sheet Flow. 

6.4 150 0.1700 0.4 Sheel Flow, 

0.4 175 0.1700 6.6 Shallow Concentraled Flow, 

1.2 370 0.0050 5.3 357.57 TrapNeelReaChannel Flow, 

(min) (feel) (hm) (ttlsec) (cfs) 

Grass: Short n= 0.150 P2- 2.60' 

Grass: Short n= 0.150 P2= 2.60' 

Grass: Short n= 0.150 P2= 2.60' 

unpaved KV= 16.1 rps 

Bol.W=O.OO D.3.W Z= 3 0 h 6.0 T n= 0.030 
18.7 845 Total 

Subcatchment G: vegetated final cover 

Hydrograph PIM 

o I i i 4 i i' ' i i"i i o  ii ;i 13 14 i s  i s  i i  ia is i t  zz i3 2, 
I*a. (houri) 

Typa /I 24-hr Rainfafl=l3.W (AMC=3) 
Page 12 
lrr3n002, 

2000 year storm-light 
Prepared by GeoSyntec Consultants . 
HdmCADQDB.00 61" 000929 0 1986-2001 Applied Microcomputer Swlems . . .  

Subcatcbment H: vegetated f inal cover  

Runoff = 49.23cfs @ 12.10 hrs, Volume- 4.196af 

Runoff by SCS TR.20 melhod. UHrSCS. Time Span= 0.0024.00 hrs. dl= 0.05 hfs 
Type I I  24-hr Rainfall-13.00' (AMC=3) 

Area(ac) CN Description 
3.921 98 
3.921 98 Weighled Average. AdjuSled for AMC = 99 

Tc Lengm Slope Velocily Capacity Description 

6.9 90 0.0500 0.2 Sheel Flow, 

3.8 60 0.1000 0.3 Sheet Flow. 

6.4 150 0.1700 0.4 Sheet FIOW. 

0.4 175 0.1700 6 6  Shallow Concentrated Flow, 

1.4 440 0.0050 5.3 357.57 TrapNeelRea Channel flow, 

(min) (feel) (flih) (Wsec) (CIS) 

Grass: Short IF 0.150 ~ 2 =  2.60' 

Grass: Short n= 0.150 P2= 2.W 

Gmss: Short IF 0.150 P2= 2 6W 

Unpaved KF 16.1 fps 

BoI.w=O.OD' D=3.8S' Z= 3.0 h 6.0 *r n= 0.030 
18.9 915 Tolal 

Subcatchment H: vegetated f inal c o w  
Hvdrwnmh Plot 

000434 



2000 year storm-light 
Prepared by GeOSynteC COnSUltanls 
Hrr(mCADS 6.W sln 000929 B 1988-2001 Apphd Micm~mpuIar  Smlemr 

Type I/ 24-hi RainfaU=l3.OW (AMC=3) 
Page 13 

1 n m 0 2  

Subcatchment 1: runon east of OSDF 

R u m H  = 7.53 ds @ 12.05 hrs. Volume= OS24 a1 

'wff by SCS TR-20 method. UH=SCS. TInW S W  0.0024.00 hrs. dt= 0.05 hn 
m II 24-hr Rainfall=13.00'(AMC;3) 

Area (ac) CN Description 
0.530 79 
0.530 79 Weighted Average. Adjusted for AMC = 91 

TC Langth Slope Veloay Capacity Descriptlon 

13.6 210 0.0500 0.3 Sheet Flow, 
(min) (feet) (Wfl) (Wsec)  (cfs) 

Grass: ShoR IF 0.150 P2= 2.60' 

B~LW=O.W' D=Z.OY z= 4.0 6 6.0 *r n= 0.030 
02 55 0.0075 4.3 88.06 TrapNeeReclChanmlflow. 

13.8 265 Total 

Subcatchment I: runon east of OSDF 

OW year storm-light Type /I 24-hi RainfaU=l3.OO-(AMC=3) ZOOOyearstorm-light ' ' . Type /I 24-hrRainlall=l3.0~ (AMC=3) 
Prepared by GeoSyntec Consultants Page 15 . Prepared by GeoSyntec Consullanls Page 16 

llZ3/2UOZ HydmCAU@ 6.00 dn 000929 Q 1986-2001 Applied MiCmmmpuIer Sm1.m. in?mq : ,  . HydmCAD@ 6.00 .In 000929 0 1986-2001 Appliid Mismmmpulsr SysIems . .  . .  

1 
Subcatchment K: runon east of OSDF Subcatchment L: runon east of OSDF 

 RUM^ = 19.22 CIS @ 12.38 hrs. Volume= 2.464 e l  

RunOff by SCS TR-20 melhod. UH=SCS. Time SpaW 0.0024.00 hrs. d P  0.05 hrs 
Typs II 24-hr Rainfall-13.W' (AMC=S) 

R w H  = 17.88 cfs @ 12.18 hrs. Volume= 1.657 a1 

Type II 24-hr RaInfall=l3.00'(AMC=3) 
RUWH by SCS TR-20 method. UHZSCS. Time Span;: 0.00-24.00 hrs. dl= 0.05 hn 

Area (ac) CN Description Area (ac) CN Descdption 
2.623 73 1.779 72 
2.623 73 Weighted Average. Adjusted for AMC 87 1.779 72 Weighled Average. Adjusted for AMC = 86 

.- &&& w&r 
ZOO0 year storm-light 
Prepared bv Geosvntac Consultants 

Type I1 24-hi RainfaU=13.00'(AMC=3) 
Paae 14 

Tc LengIh Slope Vebcily Capacity Description 
(min) (feel) (IWl) (Wsec)  (CIS) 
39.8 300 0.0070 0.1 Sheet Flow. 

Grass: Sbn n= 0.1% PZ= 2.60' 

Unpaved Kv= 16.1 fps 
2.1 290 0.0200 2.3 Shallow Concentraled Flow, 

1.0 250 0.OM5 4.2 170.16 TrapNeeRed Channel Flow, 
BOLW=O.O~ ~=2.ff i  z= 6.0 h 4.0 'r n= 0.030 

42.9 840 Toml 

Subcatchment K: runon east of OSOF 

Tc Length Slope Velocity Capacity Desaiption 
(min) (feet) (hnt) (Wsec)  (CIS) 
23.9 300 0.0250 0.2 Sheet Flow. 

Grass: ShoR IF 0.150 P2= 2.60' 
0.9 140 0.0250 2.5 Shallow Concemrated Flow, 

Unpaved K r  16.1 Ips 
Shallow Concentraled Flow, 
Unpaved K r  16.1 Ips 

0.2 90 0.0105 7.0 346.69 TraplVeeReu Channel Flow, 
BOLW-0.00 D=3.32' Z= 6.0 6 3.0 7 n= 0.030 

0.9 170 0.0375 3.1 

25.9 700 Total 

Subcatchment L: runon east of OSDF 

X 
11 
If 
I1  
I6 
15 
I. 
11 

O Q O 4 3 5  



2000 year storm-light 
prepared by GeoSyntec Consultants 

Type // 24-hr Ra/nfa//=l3.W(AMC=3) 
Page 17 

H@~cAO@S.OO 'In 000924 0 1986-2001 Applbd Micmcampular System. 1RW002 

Subcatchment M: runon east of OSDF 

Rumn = 54.76cfs @, 1236 hn. Volumes 6.798 af 

Runoff by scs TR-20 memod. UH-SCS. Time Span= 0.00-24.00 IUS. dt= 0.05 h n  
k'vpe II 24-hr Raln la l l= l~W (AMC=3) 

Area(ac) CN Desdption 
7.234 73 
7.234 73 Weighled Avmg9. Adjusted lor AMC = 87 

TC ~engm Slope VelocHy Capadty DesdpEion 
(min) (feet) (M) IfUSec) (&) 
34.5 300 0.0100 0.1 Sheet Flow, 

Grass: Short n= 0.150 P2= 2.6W 
3.1 Jso 0.0139 1.9 Shallow Concentrated Flow, 

1.4 180 0.0167 21 Shallow Concultrated Flow, 

20  360 0.0125 3.0 7.00 TrapNeelT?edChannelFlow, 

Unpaved K w  16.1 fps 

Unpaved KY" 18.1 Ips 

Bot.W=O.OO' D=O.By Z= 4.0 6 3.0 7 n= 0.030 
41.0 1,190 T a l  

00 year storm-light Type I /  24-hrRainfa//=l3.Ocr(AM~=3) 
Page IS 

t123/2002 
Prepared by GeoSyntec Consultants 
HydroCAD@S.OO 'In 000929 0 1986-2001 Applhd Mkmcbmpuhr Sysloms . .. 

b 
Subcatchment 0 ynon east of OSDF 

Runoff = 100.32 cfs Q 12.24 hn. Volumes 10.297 af 

Tw II 24-tu Rainfali=13.OO'(AMC=3) 
RwOff by SCS TR-20 methad. UHZSCS. Time Span= 0.00-24.00 hm. dF  0.05 hrs 

Am(ac)  CN DeJdption 
10.935 73 
10.935 73 Weighted Average. Adjusled lor AMC 5 87 

TC mth Slope Velocny Capadly Desaipllon 
(min) (feel) (Rift) (Hfsec) (cfs) 
262 300 0.0200 0.2 Sheet Flow, 

Grass: Shod n= 0.150 P2= 2.60' 

Unpaved KF 16.1 fps 
3.1 420 0.0200 23 Shallow Concentrated Flow. 

1.2 250 O.Ot00 3.5 149.13 TrapNeefRedChannel flow, 
~ot.w=o.oo o=t.ir z= 60.0 6 3.0.r n= 0.030 

30.5 970 Total 

Subcatchment 0: runon east of OSDF 
Hydrognph PI& . .  

. 
2000 year storm-light 
Prepared by GeoSyntec Consultants 
HvdmCAD@6.W .In CuJOQ29 0 1986-2001 Appliid Micmcampular Syslamr 

T y w  /I 24hrRainfa//=1300'(AMC=3) 
Page 18 

1nu2002 

Subcatchment N: runon east of OSDF 

Runoff a 99.51 cls @ 12.27 hm. Volume= 10.848 af 

Runoff by scs ~ ~ - 2 0  melhod. UH=SCS. Time Span= 0.00-24.00 IUS. e- 0.05 hrs 
~ y p s  II 24-hr Ralnfan=13.00'(AMC-B) 

Area(ac1 CN Description 
(1.664 72 
(1.664 72 Weighted Average. Adjusted lor AMC = 86 - - 

Tc Length Slope Verody Capadty Desaiption 
(rnin) (feet) (tun) (Rlsec) (cfs) 
26.3 300 0.0198 0.2 Sheet Flow. 

Grass: Short r~ 0.150 P2= 2.W 

Unpaved K F  16.1 lp+ 
5.7 770 0.0198 23 Shailow Concentraled flow, 

1.9 395 0.0100 3.5 144.39 TrapNeelRea Channel Flow, 
BOLW=O.OO' D-1.17 Z = S B . O ~  3 . o ~  n= 0.030 

33.9 1.465 Tow 

Subcatchment N: runon east of OSDF 
Hydmgraph Plot 

2000 year storm-light 

H@mCADQ)6.00 .In 000929 CD 1986-2001 Applied Mimcompulor Systems 

Type /I 244r Rainfa//=f3.OO"(AMC=3) 
Page 20 
1n3/2002 

Prepared by GeoSyntec Consultants 

Reach 1: runoff channel 

(651 Warning: Inlet elevaLion not specified 

Inl)ow = 63.06 cfs @ 12.02 hm. Volume= 5.063 a1 
Ouloow = EQ.44 cfs @ 12.09 hffi. Volume= 5.054 at. Anan= 4%. Lag= 4.4 mm 

Routing by Slor-lnd+Trans rnehd. Time Span= 0.00-24.00 hm. dC 0.05 hrs 
Max. V e w  2.9 rps. Min. Travel The= 2.3 rnin 
Avg. Veloclty = 12 Ips. A q .  Travel Tme= 5.9 min 

Peak Depth- 2.04' 
Capacity at bank full= 2.565.53 cfs 
0.W x 8.29' deep channel. n= 0.030 Length= 405.0 Slope= 0.0035 'f 
Side Slope z-va~ue= 6.0 4.0 'r 

Reach I: runoff channel 
HVdroenph Plot . . .  

000436 



2000 year storm-light 
Prepared by GeoSpteC Consullants 
H@,&AM6.00 d n  000928 0 1986.2001 Applied Micrnmmpulsr Swerns 

Type If 24hr Rain/aIf=13.00" (AMC=3) 
Page 21 

1/23/2002 

Reach 1 R  (new node) 

I401 Hlnt: Not DeSCdbed (hlbWlllf!OW) 

D 232.74 cfs @ 12.32 hrs. Volumes 27.897 af 
= 232.74 cfs @ 12.32 hrs. Volume= 27.897 al. Anen= OX. Lag= 0.0 mln 

utlng by Smr-lnd+Trans mevpd. Time SpaW 0.00-24.00 hK. d e  0.05 hrs 

2000 year storm-light 
Prepared by GeoSptec Consultants 
HdrnCAWD 6.00 dn 000929 0 1988-2001 ApDnad Micrnmmpubr Syrtema 

Type II 24-hr Rainfafl=73.00'(AMC=3) 
Page 22 

1 R M 0 0 ~  

Reach 2 runoff channel 

1651 Wamlng: Inlet elevabn rut spedfied 

Inflow = 1 3 0 . 8 2 ~ 1 ~  @ 12.10hrs. Volumes 11.58481 
h m o w  = 127.94 cfs @ 12.15 hrs. volumes 11.511 ai. Anen= 2%. Lag= 28 mln 

Routing by Slor-lnd+Trans method. Tlme Span= 0.00-24.00 hrs. dt= 0.05 & _ _  
Max. Velocit)- 4.3 Ips. M i l  Travel lime= 1.5mln 
AQ. veiocity= 1.7 fps, AQ. Travel Ttme= 3.7 min 

Peak Depth= 2.33' 
Capadlyat bank b1~2.054.66 CIS 
0.00' x 6.57 deep m a .  T)I 0.030 ~engm= 385.0 slope= o.wa *r 
Side Slope Z-value= 6.0 5.0 'f 

. 

Type 124-hr Rainfall=13.W" (AMC4) 
Page 23 

H l d k A M 6 . 0 0  d"'000929 1986-2001 Applied Mimcompuler Syrloms ' 1n3noo2 

Reach 2R: (new node) 

1401 Hint No1 Described (Oumow=lnh) 

inflow = 387.27 cfs @ 1223 hrs. Volume= 40.587 af 
Outflow = 38727 cfs @ 12.23 ha. Volume= 40.587 al. Anen= OX. Lag= 0.0 min 

Routing by Su)f-lnd+Trans memd. Tme Span= 0.0024.00 hm. df= 0.05 hrs 

Reach ZR (new node) 

2000 year storm-light 
Prepared by GeoSynlec Consultants 
H d r n C A W 6 . 0 0  d n  000929 0,1985.2001 Applbd Micmcompular Smlema 

Type I I  24-hr RainfaIl=lJ.W (AMC=3J 
Page 24 

1R3n002 

Reach 3: runoff channel 

. .  1651 Warning: lnlel elevatlon rut specified 

Inflow = 197.81 cfs @ 12.14 hrs. volume= 19.114 ai 
OumoW = 194.33ck@ 1218hrs. Volume= 19.096al. AUeW2X. Lag-23mm 

RouUng by stor-lnd+Tms memd. Time SPF 0 0024 00 m. dt-; 0.05 hrs 
Max Velodty= 5.4 f p .  Mln Trawd Time= t.3 mln 
Avg Velouiy = 2.2 fps. Avg Travel nme= 3.1 mln 

Peak Depfh' 2 . W  
Capacity a! bank full= 1.590.51 cfs 
0.w x 6.26 deepchannel. n=0.030 Length= 405.0 Sbpe=0.00757 
Side slope z-va~ue= 3.0 6.0 *r 

DO 
70 
€n 
50 
.O 
30 
20 
10 
0 

Reach 3: runoff channel 
Hydrograph Plot 

000437 
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RP 
2000 year storm-light Type I/ 24-hr Rahfat/=f3.W(AMC=3) 

Page 25 
1nwooq Prepared by G e d p t e C  COnSUltants 

HdmCAWD 6.00 d n  000928 0 1986-2001 ADDbd Mmcomputer Syllems 

Reach 4: runoff channel 

(651 wamlng: ldel elevation 101 spedlied 

= 2fi8.74 CIS Q 12.16 hn. Volume? 26.046 af 
.,mow = 26425ds Q 12.20 hrs. Volume= 26.019 ef. Anen= 2%. Lag= 2 5  min 

,utlng by Stor-md+Trans melhod. lime Spalr 0.0024.00 hrs, dP 0.05 hrs F ax. V e t o c l ~  4.8 fps. Win. Travel Tune- 1.4 min 
~ v g .  Velocity = 2.0 fps. Avg. Travel The= 3.3 mln 

peak oepm= 3 . 2  
capadty at bank futl; i.3n.9 ds 
0.00' x 6.14' deep channel, n= 0.030 Length= 395.0 Slope= 0.0050 7 
Side slope Z-value- 4.0 6.0 T 

Reach 4 runoff channel 

1m 
M 

M 

.o 
m 
a 

00 year storm-light Type I/ 24-hr Rainfa//=13.W (AMCG) 
Page 27 
1n23/2002 

Prepared by GeoSyntec Consultants 
H d m C A W  6.00 s h  000929 0 1986-2001 Applmd Microcornputor Swtem~ 

Reach 6: runoff channel 

Warning: Inlet elevation M( specified 

lnllow = 358.63cfsg 12.20hn. Volume= 36.43281 
Omflow = 353.44 cfs @ 12.25 hm. Volume= 36.392 a/. Anen= 1%. Lag= 2 7  min 

Routing by Slor-lnd+Trans memod. Tune Span= 0.0024.00 hn. d e  0.05 hrs 
Max. Velodly= 5.3 fps. Mln. Travel lime' 1.5 min 
Abg. Velocw = 2 2  fps. Abg. Travel Time= 3.6 mln 

Peak Depm= 3.86 
Capadiy at bark full= 800.53 cfs 
0.00' x 5.2.Z deep channel. n= 0.030 Length= 475.0 Slopen 0.0050 7 
Side Stope Z-due= 6.0 3.0 'r 

Reach 6: runoff channel 

Type!I 24-hr Rainfan=13.M (AMCU) 
Page 26 
1/2Y200? 

2000 year storm-light 
Prepared by GeoSkntec Consultants 
HvdmCAOQ6.W .In 000929 0 1986-2001 APCflad MIcmCl)mputer Systamr 

Reach 5 runoff channel  

[69 warning: 1det e l e d o n  mt spedned 

lnllow = 314.75cfs@ 12.18 hm. Volume= 31.1708f 
Oumow = 310.52 cfs Q 12.22 hrs. Volume= 31.140 a!. Anerr 1%. Lag= 2.4 mln 

Rouflng by Slor-lnd+Trans method. Time Span= 0.00-24.00 hn, dt= 0.05 hn 
Max. Velocip 5.2 Ips. Min. Travel Time= 1.3 mln 
Avg. Velocity = 2.1 Ips. Abg. Travel Time= 3.2 min 

peak Depm= 3.58' 
Capam at ban): full= 840.15 d s  
0.00' x 5.32' deep channel. n= 0.030 Length= 405.0' slope= 0.0050 7 
Sae Stope Z-vatuw 6.0 3.0 *r 

Reach 5 runoff channel 

...... ,....,,., 

2000 year storm-light 
Prepared by GeoSynlec Consultants 

Type I/ 24-hr Rainfa/ /= l tW (AMC=3) 
Page 28 

H~imCA0@6.00 .In OOW29 0 1986-2001 ALptied Microcornpuler Syltam. 1/23/2002 

Reach 7: east runon di tch 

143) Hint Has m inflow (Ou~ov6Zem) 

Outllpw = 0.00 cfs Q 0.00 his. Volume= 0 . a  af 

Routlng by Slor-lnd+Trans method. Time Span= 0.0C-24.00 hrs. dt= 0.05 hm 
Max. Veloaly= 0.0 Ip, Min. Travel Time= 0.0 mln 
Avg. Velocity = 0.0 fps. Avg. Travel lime= 0.0 min 

. .  

peak oepm= 0.00' 
Capadty at bank full' 242.98 ds 
0.00' x 3.10 deep channel. n= 0.030 Length- 395.U Slope= 0.0125 'I 
Side slope z-waue= 4.0 3.0 *r 

Reach 7: east runon d i tch 
Hvdroamnh Plot 

I 

f 

5 
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zoo0 year storm-light 

H~mCADOS 00 .In 000829 0 1986-2001 Applled M ~ ~ w m p u t s r  Systems 

Type I1 24-hr Rainfall= 13 W (MC=3) 

lR3r2OOz 

2000 year storm-light 

H*dmCAD@De W dn 0009% P) 1986-2001 Applied M~cr~wmputor  Sy.lerns 

Type 11 24-hrRainfall=13 OW (AMC-3) 

lnY2ooz 
Prepared by GeosynleC Consultants Page 29 Prepared by GeoSynlec Consultants page 30 

Reach 8: east runon di tch Reach 9 east runon ditch 

169 wamhg: Inlet elemlion no1 specltled 

Inflow 
bmow 

il 54 76 ds @ 12.36 M. Volume= 
5422 ds @ 12 43 hfs. Volume= 

6.798 af 
6.78.Saf. Anew 1%. Lag= 4.6min 

,outing by Smr-lnd+Trans m e w .  Time Span= 0.00-24.00 hrS. dl= 0.05 & R ax. V e W p  2.7 ips. Mln. Travel Time= 2.5 min 
AQ. velodly = 1.2 fps. Ayl .  Travel rime= 5.8 mln 

Peak DepW 0.81' 
Capacity a! bank lull= 1.794.23 cfs 
0.00' x 3.01' deep channel. n- 0.030 Lenglhi 405.0' Slope= 0.0100 P 
Side Slope &value= 58.0 3.0 'I 

(69 Warning: Inlet elevallon mi spedrwl 

In(l0W = 146.94&@ 1232hrs. Volume 17.632aI 
Oumow = 145.53 CIS @ 12.40 hrs. Volume; 17.WO af. Anen= 1%. L a p  4.3 min 

Routlng by Smr-lnd+Trans melhod. m e  Span= 0.00-24.00 hfs. dl= 0.05 hfs 
Max. Velociv 3.4 fps. Mln. Travel Time= 2.3 mln 
Avg. Vebciry = 1.5 (ps. Abg. Travel Time= 5.4 min 

- $664 peak Depm= i . 1 ~  

0.00 x 3.00 deep channel. n= 0.030 Lengths 475.0' Slope.= 0.0100 'f 
Sue slope Z-va!ue= 60.0 3.0 'r 

Capadly at bank fulC 1.836.80 ds 

Reach 9 east runon ditch Reach 8: east runon ditch 
Hvdroanmh PI& 
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ATTACHMENT C-1B 

2000-YEAR STORM DESIGN SCENARIO - MODERATE VEGETATION 
2000-YEAR, 24-HOUR STORM EVENT 

2000 year storm 
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2000 year stormmoderate Type I /  24-hr Rainfa//=i3.00' (AMC=3) 
Repared by GeoSynlec Consullants . Page1 Prepared by CeoSynfec Consultants Page 2 
HydmCAOS3 6.00 slnM)w29 0 198&2001 Apprkl Micmcompulor 5 ~ 1 l . m ~  1R342002 

Typo N 24-hr Raiflfa//=13.OV (AMC=3) 

1Ry2002 

2000 year stormmoderate 

H@mCAOS3 6.00 .In 000929 0 1986-2W1 AppUed Mkmcomputs; Syalema 

r m e  ~ ~ O . O Q 2 4 . 0 0  m. dw.05 hrs. 481 polnts 
RWff  bySCS TR-20 m N W .  UH=SCS. Type II 24-hr RalnfaU=13.W (AMC=3) 

Reach mulfng by SUlr-lnd+Tans m e w  - Pond muUnn bv Sfor-lnd memod 

Reach 1: runoff channel I n b w .  51.86 d r  5.056 af 
Longlh- 405.0' Max Val- 2.6 fpa Capacity 2.565.53 d s  Ouflbw- 50.22 ds 5.049 af 

Subcatchment *: Vegetated flnal cover 

Subcatchmenl 8: vegelated flMI cover B 
SubcatchmeniC vegelatedflna! cover 

Subcatchment D: vegetated M a l  cover 

Subcatchment E: vegetaled Rnd cover 

SubMcJunent F: vegelaled Rnal m e r  

Subcatchment G: vegelaled Rnd cover 

Subcatchmed H: vegetated Rnal cover 

Subcatchment I ninon east of OSDF 

Subcslchmem J: runon east 01 OSDF 

Subcatchment K: rwon east of OSDF 

Subcatchment L: N ~ M  e M  of OSDF 

Subcatchment El: Nnon e a n  of OSDF 

Subcatchment N: runon e a s  of OSDF 
T 

- .  

Tc-25.4 mln CNn99 Araas2.601 ac Runoff= 27.84 cfs 2.780.1 

Tc=10.2min CN-99 hao1.837ac Ru~ffn26.31 d r  1.754.1 

Tc-27.4 min CN-99 h a 4 . 9 6 0  ac Runon- 50.80 dii 5.300 af 

Tc-26.6 min CN=99 Ar.aJ.748 ac , Runoffr49.42 cfs 5.072 af 

1s-26.3 min CN=99 Area-4.946 ac Runoff- 51.06 cfs 5.286 d 

Tc-26.5 mln CN-99 Arm-4.814 ac Runoff- 50.18 ds 5.145 af 

1s-26.5 mln CN.99 Area-4.946 ac Runoff- 51.56 d s  5.286 af 

Tc=26.7 mln CNa9 Area-3.921 ac Runoff-40.78 cfr 4.19011 

Tc-2O.l mi" CN41 Araas0.530 ac Runoff- 6.32 d r  0.523 af 

Tc=43.5mh CN-91 Amas1242 ac Runoff-9.25 de 1220 af 

Ts=51.2 min CN-67 Area-2.623 ac Runoff- 15.02 d s  2.455 sf 

Tc-36.9 min CNs66 Areasl.779ix Runoff- 14.33cfr 1.654af 

Ts=56.9 min CN-87 Area-7234 ae Rum- 43.54 d a  6.776 aI 

cm46.0 mi" CN-06 Area~11.664 ac Runoff- 81.08 d s  10,821 af 

Subcarchmenl 0: runon e a n  of OSDF 
Tc-42.5 mln CN-87 Aroa-10.915 ac Runoff* 80.77 da 10.273 af 

000 year s t o r m m o d e r a t e  T y w  f f  24-hr Rainla/l=l3.00' (AMC=3J 
Page 3 

1/23200? 
Prepared by GeoSynlec Consultants 
H@mCAO@ 6.00 .In 000929 0 1968-1001 Applied MicroCOmpu1.r Syalems 

Subcatchment  A: vegetated final cover 

b 
, 

Rwsff = 27.84ds@ 12.17hm. Volume= 2780af 

Runoff by SCS TR-20 memod. UH=SCS. Time Span= 0.00-24.00 hrs. dl= 0.05 hn 
TVpe 11 24-hrRalnfaII=13.00' (AMCS3) 

Area(=) CN Descdption 
2.601 9a 
2.601 98 Weighled Average. Adjusted for AMC 99 

Tc LengIh Slope Vefocily Capadly Desuiplion 

10.1 90 0.0500 0.1 Sheet Flow, 

5.5 E4 O.lW0 0.2 Sheet Flow. 

9.3 150 0.1700 0.3 Sheel Flow, 

0.5 190 0.1700 6.6 Shallow Concentrated Flow, 

(min) (leer) (WR) (Wsec) (ds) 

Grass: Dense n= 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.60' 

Unpaved Kv= 16.1 Ips 
25.4 490 Tolat 

\ 

Subcatchment A: vegetated final cover 

Reach 1R: (new node) -- 
Reach 2: runoff channel 

Length- 365.0' Max Vab 4 4 p a  6pab 4 4 . 6 6  d s  

Reach ZR: (new node) 

Reach 3 runoff channel 
Lsngth~405.0 MaxVeC 5.1 fps Capacity- t.590.57 d s  

Reach 4: runoff channel 
Length-395.0' Mar VeC 4.8 fp C s p d l p  1.377.52 d s  

Reach 5: runoff channel 
Length- 405.0' Max VoC4.B fpl Cspacit)p 840.15 h 

Reach 6: NnOff channel 
LengL= 475.0' Max Vel- 5.1 Ips C a p a d y  80053 d. 

Inflow 191.30 ds 27.823 of 
Outflow- 191.30 dr 27.623 sf 

l n l b r  105.97 ds 11.569 af 
O m i t o r  104.75 da  11.555af 

I n b w  336.36 da 40.522 d 
Outoawl336.36 da 40.522 af 

In(lor 161.69 d s  18.082 af 
Outflows 160.23 d s  19.063 af 

INIW 223.04 CIS 26.00) DI 
OUt(l0w 220.62 dr 25.875 af 

lnl lor266.17ds 31.120 af 
O ~ u p 2 6 3 . 4 7 d s  31.088 sf 

Inflow 307.30 d s  30.374 sf 
Oul(lowl304.05 da 36.332 af 

Reach I: east a n o n  dHch 
Length- 395.0' Mar Vel= 0.0 fpa Capacity 242.08 d s  OumOun 0.00 ds 0.WO sf 

In+ 43.54 ds 6.776 af 
Lenglh- 405.0' Max Vel- 2.6 fpa C a p s l y  1.79423 ds OulnDw- 43.33 d a  6.762 af 

Innow l l 8 . 8 8 d r  17.584 af 
Lsnglh- 475.0 Max VsC 3.3 fp. Capacity 1.836.60 d; Outflow 116.35 da 17.551 af 

Runontuea 0 68.518 ac ~ o l u m e  68.534 af Avetap Depth = 11.99' 

Reach 8: e a n  runon diich 

Reach 9 east runon ditch 

2000 year stormmoderate 
Prepared by GeoSyntec Consullanls 
HWoCACJ@ 8.00 sln 000929 B 1986-2001 Applied Mismsompulsr SRlsmh . 

Typa /I 24-hr Raiflfal/=13.00" (AMC=3) 
Page 4 

1/23/2002 

Subcatchment B vegetated Rna( cover 

RUMH = 26.31cfs@ 12.01 hn. Volume= 1.754af 

Type II 24-hr Ralnfall=13.OO~(AMC=3) 
RUN)H by SCS TR-20 memd. UHZSCS. Time Span= 0.00-24.00 hrs. dtE 0.05 hrs 

Area lac) CN Descrlpllon 
1.637 98 
1.637 98 Weghled Average, Adjusled for AMC 5 99 

TC Length Slope Velocify Capacify Description 

8.6 90 0.0750 0.2 Sheet flow. 
(rninl (feet) Ihnt) (Wsec)  Icb) 

Grass: Deme n= 0240 P2= 2.60' 
0.3 130 0.0250 7.5 162.45 TrapNeemea Channel Flow, 

1.3 520 0.0075 4.1 73.82 TrapiVMlReaChannelFlow. 
BO~.W=~.MI' D=I.W z= 6.0 'r  ,V 0.030 
BOI.W=O.OO' 0-1.90' z= 4.0 h 6 . 0 ~  n= 0.030 

10.2 540 TOM 

Subcatchment E: vegetated final cover 
.---s--r -- 

I h .  (horn) 

000441 



2000 year storm-moderate 
Repared by GeoSyntec Consultants 

Typa /I 24-hr Rainfa//=l3.W (AMC=3) 
Page 5 

HldmCAOQ8.00 Yn 000929 0 1986-2001 AppUed MimcompUlar S ~ l I e m *  lRWOO2 

Subcatchment C: vegetated f ina l  cover 

~ w f f  = 50.80&@ 1220hrs. Volume- 5.uMaf 

Tlmofl by SCS TR-20 method. UH=SCS. Time SpaW 0.00-24.00 hrs. d e  0.05 hrs 
yt 11 24-hr RainfalCl3.W (AM-3) 

Area(=) CN DeWrlption 
4.960 98 
4.960 $4 Weighled Average. Adlusled for AMC 99 

B 
TC Lengm Slope VelocHy Capadty Desdplbn 

10.1 90 0.0500 0.1 Sheet Flow, 

5.5 M 0.1000 0.2 Sheet Flow, 

9.3 150 0.1700 0.3 Sheet Flow. 

(min) (leet) (fVH) ( W S ~ C )  (CfS) 

Grass: Deme n= 0.240 P2= 2.60' 

Grass: Dame n= 0.240 PZ= 2.W 

Grass: Dense n= 0240 P2= 2.60' 

Unpaved Kv; 16.1 fps 
Bot.w=O.Oo' D=~.IS Z= 6.0 6 4.0 'r n= 0.030 

0.5 190 0.17W 6.6 Shallow Concentrated flow. 

2.0 370 0.0035 3.0 70.12 TrapnreeRea Channel Flow. 

27.4 860 TOW 

00 year stonn-moderate 
Prepared by GeoSptec Consullanls 

lR3/2>02 

DJ 
HldroCAWD6.00 .In 000929 e 1986-2001 Applied Mcrocompular Smlams 

Subcatchment D vegelated f inal cover 

Type I /  24-hr Rain/a//=l3.OfY (AMC=3) 
Paqe 7 

3b/6< 
Type / I  24-hr RainfaU=13.0fY (AMC=3) 

Page 6 
2000 year stonn-moderate 
Prepared by GeoSpIec Consullanls 
HldmCAWD6.00 d n  OOO929 0 1986-2001 ApClbd Micmcomp~srSvrt~ms lRWOO? 

Subcatchment D vegetated final cove r  

Runoff = 49.42&@ 12.19hrs. Volume 5.072af 

Type II 24-hr P.ainfaU=13.00' (AMC4) 
RIJ~IOH by SCS TR-20 method. UWSCS. Time SpaF 0.00-24.00 hrs. d e  0.05 hrs 

. .  Area (ac) CN Descdplion ' a. . A  
4.746 98 
4.746 98 Weighled Average. Adlusted for AMC 99 

Tc Length Slope Velodty Capacity Desdplion 

10.1 90 0.0500 0.1 Sheet Flow. 

5.5 60 0.1ow 0.2 Sheel Flow, 

9.3 150 0.1700 0.3 Sheet Flow, 

0.5 180 0.1700 6.6 Shallow Concentt-aled flow, 

0.6 200 0.0083 5.4 207.98 TrapNeeRecIChannelFlow. 

0.6 150 0.0045 4.0 138.85 TrapNae/RectChannelFlow. 

(min) (feel) (Wh) (Wsec) (CIS) 

Grass: Dense n= 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.W 

Grass: Dense n= 0.240 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BOLW=~.O(I ~ 2 . 6 5 '  Z= 6.0 .s 5.0 *r n= 0.030 

BoLW=O.O0' Dm2.W Z= 6.0 6 4.0 7 IF 0.030 
26.6 830 Tom 

2000 year stonn-moderate 
Prepared by GeoSynlec Consullanls 
HydroCAOQ 6.00 Yn 000929 e 1986-2001 Appliid Microwmpulir Swloms 

Type I /  24-hr Rainfa//=13.W(AMC=3) 
Page 8 

In32002 
. . , .  : 

Subcatchment E: vegetated final cover  

Runoff = 51.86ds @I 12.18hn. Volume= 5.286af 

Runoff by SCS TR-20 memod. UH=SCS. Time Span= 0.00-24.00 hrs. d P  0.05 hrs 
Type II 24-hr Rainfall=13.OO-(AMC=3) 

Area (ac) CN Desdplion 
4.946 98 
4.946 98 Weghled Average. Adjusted for AMC 99 

TC Length Slope Velocity Capadty Desdplion 

10.1 90 0.0500 0.1 Sheet Flow, 

5.5 60 0.1000 0 2  Sheet Flow. 

9.3 150 0.1700 0.3 Sheel Flow, 

0.4 170 0.1700 6.6 Shallow Concemraled Flow, 

0.2 50 0.0045 4.4 210.95 TrapNeemect Channel Flow, 

0.8 320 0.0105 6.7 288.76 TrapNeelRect Channel Flow, 

(min) (feel) (Wfl) (Wsec) (ds) 

Grass: Dense n= 0.240 P2- 2.60' 

Grass: Dense n= 0240 P2= 2.60' 

Grass: Dense n= 0240 P2= 2.60' 

Unpaved K- 16.1 Ips 

BoLW=O.W 0=3.10' Z= 6.0 6 4.0 'I n= 0.030 

BoI.W=O.Oo' D=3.10' Z= 8.0 6 3.0 7 n= 0.030 
26.3 840 Tog 

000442 



VDI7 ' l a w 1  u 

page 10 
Type I/ 24-hrRainfa//=l3.00" (AMC4) 

rnmooz 

9 6 p  Q//./o t 
2000 year stormmoderate Type / I  24-hrRainfa/l=13.00'(AMC=3) 2000 year storm-moderate 
Prepared by GeoSynleC Consdtants Page 9 Prepared by GeoSptec Consultants 

H@roCAO@B.OO s r i  wW29 0 1986-2001 Applisd Micmcompulor SPIems n,dmCAWDB.W Sln ow928 19ffi-mOl Applied MicfDCOmDdeI SWlamS tnuzoo2 
Subcatchment E vegetated final cover Subcatchment F vegetated final cover 

Runoff = 50.19cfs@ 12.19hrs. Volume= 5.145af 

Type II 24-hr Ralnlall=13.00' (AMC=3), ' 

Hydmgraph Pld 

Runoff by SCS TR-20 melhod. UH-SCS. Time Spa- 0.00-24.00 hrs. dl= 0.05 hfs 

Area(ac) CN DeSCrlplbn . -  A / *  * 
4.814 98 un#&&-.-, 
4.814 98 Weighled Average. Adjusled for AMC = 99 

TC Lerglh Slope Valodly Capadty D ~ ~ a i p l l ~  

10.1 90 0.0500 0.1 Sheet Flow, 

5.5 M) 0.1ow 0 2  Sheet Flow, 

9.3 150 0.17w) 0.3 Sheet Flow. 

0.4 175 0.1700 6.6 Shallow Concentrated flow, 

lka. (houn) 1.2 360 0.0050 5.0 295.77 TrapNeelRen Channel Flow, 

(min) (feel) (hnt) ( fuss) (cfsl 

Grass: Dense n= 0240 P2= 2.6V 

Grass:Deme n=0240 PZ=2.6V 

Grass: Dense n= 0.240 P2= 2.6V 

Unpaved K v l l 6 . 1  Ips 

Bol.W=O.W CM.45' 2- 4.0 6 6.0 7 fF 0.030 
26.5 835 Total 

Subcatchment F vegetated final cover 

Type I /  24-hr RainfaU=l3.OW(AMC=3) 000 year stormmoderate 
Prepared by GeoSynlec Consultants . Page 11 

; . l/ZY2002 

Subcatchment G: vegetated final cover 

I! 
H,dmCAO@6.00 .In 000929 0 1986-2001 Applied Micmmrnpulor SYslsms 

. 
Runoff = 51.56cfs@ 12.19 hn. Volume= 5.286af 

RunoH by SCS TR-20 melbd. UH-SCS. Time Span= 0.00-24.00 hi3. dl= 0.05 hrs 
Type I1 24-hr Ralnfall=l3.00' (AMC=3) 

Area (ad CN Desaiplion 
4.946 98 
4.946 98 Weighled Average. Adjusled for AMC = 99 

Tc Length Slope V&ay Capacity Desalprion 

10.1 90 0.0500 0.1 Sheel Flow. 

5.5 60 0.1000 0.2 Shcet Flow. 

9.3 150 0.17M) 0.3 Sheet Flow. 

0.4 175 0.1700 6.6 Shallow Concentraled Flow. 

1.2 370 0.0050 5.1 305.77 TraplveefRed Channel Flow, 

(mm) (feel) (W) ( fuss) (cfs) 

Grass: Dense n= 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.60' 

Unpaved Kv; 16.1 fps 

Bot.W=O.OO' Dr3.M' 2 s  3.0 6 6.OT n= 0.030 
26.5 845 Total 

Subcatchment G: vegetated final cover 
Hydrograph P l d  

o i i I 4 i i i i i io i t  li i s  ,i 1'5 is li is I" io 21 22 ri id 
nm. (hounl 

2000 y e a i s t o m a o d e r a t e  
Prepared by GeoSynlec ConsullanIs 
HydmCACZ3 8.00 $In 000929 @ 1986-2001 A p p k d  Mi~mcornpd~r  Swlnms 

Type /I 24-hrRainfal/=13.00" (AMC-3) 
Page 12 

rnu2001  

Subcatchment H: vegetated final cover 

RWH = 40.76cfs @ 12.19 hfs. Volume= 4.190 al 

Runoff by SCS TR-20 melMd. UH-SCS. Time Span= 0.0'2-24.00 hrs. dl= 0.05 hi3 
Type II 24-hr Ralnfall=l3.00' (AMC=3) 

Area(ac) CN Desalpliin 
~~ 

3.921 98 
3.921 98 Weighled Average. AquSted lor AMC = 99 

Tc Lerga Slope Vebcty Capacily DescdptiM 

10.1 90 0.0500 0.1 Sheel Flow. 
Grass: Dense n= 0.240 P2= 2.60' 

5.5 60 0.1OM) 0.2 Sheet Flow. 
Grass: Dense n= 0.240 P2- 2.60' 
Sheel Flow. 9.3 150 0.1700 0.3 
Grass: Dense n= 0.240 P2= 2.60' 

0.4 175 0.t700 6.6 Shallow Concentrated Flow, 
Unpaved KF 16.1 Ips 

1.4 440 0.0050 5.1 305.77 T r a p N M e a  Channel Flow. 
B~I.W=O.OO' 0.3.64' Z= 3.0 a 6.0 'f n= 0.030 

(rnln) (feet) (fusee) fcfs) 

26.7 915 Total 

Subcatchment H: vegetated final cover 



Type // 24-hrRainfafl=73.00'(AMC=3J 2000 year  Stormmoderate Type I /  24-hr Ra;fl!a//=l3,M)' [MC=3) 2000 year s tormmoderate 
Prepared by GeoSyntec COnSUllantS . Page13 PrepGed by GeoSynlec ConsullantS Page 14 
H@mCAO@B.OO .In OW929 0 1988-2001 Applbd Mkmcompu1.r Syrloms l/zyMO2 1R312002 HMmCADS 6.00 SI" 000929 0 1986-2001 Applkd Micmcompubr Syrlsms 

Subcatchment I: runon east of OSDF Subcatchment J: ~ n ~ n  east of OSDF 

~ w f f  = 6.32ds@ 12.12hrr. Volume= 0.523 a l  Runoff = 9.25dsB 12.39 hn. Volume= 1.2X)af 

R m R  by SCS TR-20 melhod. UHZSCS. Tlme Span= 0.0024.00 hrs. d P  0.05 hrs RUMK by SCS TR-20 memd. UH-SCS. T i e  Spaw 0.0024.00 hn. dtE 0.05 h n  
Type II 24-hrRainfall=13.OO'(AMC=3) 

Area(ac1 CN Dasctiption 
1.242 79 A -  

0.530 79 Weighled Average. Adjusted for AMC = 91 1.242 79 Weighled Average. Adjusted forAh4C = 91 4661% 
TC Length Slope Velndfy Capacity Description TC Leylm Slope vetocity capacity Descaiption 

(mln) (feet) (Wft) (Wsec) (ch) (min) (feet) (hm) (Wsec) (cfs) 
19.9 210 0,0500 0.2 Sheet Flow, 41.9 300 0.0158 0.1 Sheel Flow. 

Grass: Dense n= 0240 P2- 2.60' Grass: Dame n= 0.240 PZ= 2.W 

BOLW=O.W ~=1.90' z= 4.0 6 6.0 .r n= 0.030 
02 55 0,0075 4.1 73.82 TrapNeeRenChannelFlow, 0.8 100 0.0158 2.0 Shallow Concentrated Flow, 

20.1 265 Total 0.8 150 0.0035 3.0 70.12 TrapNeelRect Channel Flow, 
Unpaved KF 16.1 fps 

BOLW=O.OO' D-2.19 z= 6.0 6 4.o.r n= 0.030 
Subcatchment I: runon east of OSDF 43.5 550 Tom 

00 year s tormmoderate 
Prepared by GeoSynlec Consullanfs 
HdmCAO@6.00 *In 000929 0 1986-2001 AppLd Micmcompulsr Swlams 

. . .  . . . .  
Subcatchment K runon east of OSDF 

b 
Runoff = 15.02 cfs @ 12.60 hn. Volume= 2.455 af 

Rumff by SCS TR-20 method. UH=SCS. Time Span= 0.0024.00 hn. dl= 0.05 hn 
Type II 24-hrRainfall=l3.W'(AMC=3) 

Area(ac) CN Descriptbn 
2.623 73 
2.623 73 Weighted Average. Adjusted lor AMC = 87 

Tc Lengm Slope Vetocity Capacity Descriplian 
(mln) (feet) (Mt) (Itkec) (ch) 
58.0 300 0.0070 0.1 Sheel Flow, 

Grass: Dense n= 0.240 P2= 2.6W 
2.1 290 0.0200 2.3 Shallow Concentrated Flow. 

1.1 250 0.0045 4.0 138.85 TrapNeeReclChannel Flow. 
Unpaved K r  16.1 Ips 

BOI.W=O.O~' 0=2.65 z= 6.0 6 4.0 'r n= 0 . 0 ~ )  
61.2 840 Total 

Subcatchment K: runon east of OSDF 
Hvdroanah Plot 

Subcatchment J mnon east of OSDF 
Hvdmeraoh Plot 

2000 year s tormmoderate TYW N 24-hr Raiflfa//=13.0W(AMC=3) 
Prepared by GeoSynlec Consultants Page 16 
HMmCA0@6 00 sin 000929 0 1986-2001 Applbd Microcomputer Swlornr rn312ooz 

Subcatchment L: runon east  of OSDF 

Runoff = 14.33cfs@ 1231 hn. Volume= 1.654af 

Runoff by SCS TR-20 method, UH=SCS. Tlme Spaw 0.0024.00 hrs. d b  0.05 hrs 
Type I1 24-hrRainfali=13.00' (Am=?.) 

Arealac) CN Description 
1.779 72 
1.779 72 Weighted Average. Adjustd for AMC = 86 

TC L a t h  Slam Velocity Capadfy Deralptim 
(minl (feet) (ItM) (Wsec) (cfs) 
34.9 300 0.0250 0.1 Sheel Flow. 

Grass: Dense n= 0.240 P2= 2.60' 
0.9 140 0.0250 2 5  Shallow Concentrated Flow, 

0.9 170 00375 3.1 Shallow Concentrated Flow. 
Unpaved K r  16.1 f p  

Unpaved KF 16.1 fps 

Bol.W=O.OO' 04.10' Z= 6.0 6 3.OT n= 0.030 
0.2 90 0.0105 6.7 288.76 TrapNeelRect Channel Flow, 

36.9 700 Total 

Subcatchment L: runon east of OSDF 



2000 year s tormmoderate 
Prepared by GeoSyntec Consultants 
HM~CAWD 6.00 sin a 2 9  0 1986-2001 Appbd M I - ~ ~ r n p ~ ( e r  Sy61ems 

Type I /  24-hr RainfaU=l3.OO*(AMC=3J 
Page 17 

112Y2002 

Subcatchment M: runon east of OSDF 

Runoff 43.54CfS@ 12.56hrs. Volume= 6.776af 

'unoff by scs TR-20 method, UH=SCS. Time Span= 0.00.24.00 IUS. et= 0.05 hrs 
pe II 24-hrRainfafl=l3.W(AMM) 

Area(ac) CN DerrCrlptlon 
7234 73 
7234 73 WMhted Average. Adjusted for AMC 87 

Tc Lfmgth Slope Velacity Capacity Desdption 
(mh) (feet) (Mi) W.ec) fcfs) 
50.3 300 0.0100 0.1 Sheet Flow, 

Grass: Deme n= 0.240 P2= 2.M)- 

Unpaved K F  16.1 Ips 

Unpaved KF 16.1 rpS 

BaLW=O.O0' 0 ~ 0 . 7 s  2 s  4.0 6 3.0 7 n= 0.030 

3.1 350 0.0139 1.9 Shallow concentrated flow, 

1.4 180 0.0167 21 Shallow Concentrated Flow. 

2.1 360 0.0125 28 5.52 TrapNeclReOChanneIFlow, 

56.9 1,190 Total 

000 year s tormmoderate Type I /  2 6 h r  RainfaB=13.00" (AMC=3) 
Page 19 

1123R002 
Prepared by GeoSyntec Consultants 
HydroCAW6.00 .In 000929 0 198&2001 Appliad Microcomputer Syrlsme 

h 
Subcatchment 0 runon east of OSDF 

Runoff = 80.77 cis @ 12.38 hrs. Volume= 10.273 af 

Runoff by SCS TR-20 method. UH=SCS. Time Spaw 0.0024.00 hrs. et= 0.05 hrs 
Type I1 2441 Ralnfal1=13.W'(AMC=3) 

uta-- t 
p 4 / / 3 C l U i  

2000 Year s to rmmodera te  Type 11 24-hr Rainfall-13.W (AMCd) 
PrepGed by GeoSyntec Consultants 
HydmCAWD6.00 sin000329 b lOB6-2Wl Applied M i l m p v t a r  SYoloms 

Page 18 
1RY2002 

Subcatchment N: Nnon east of OSDF 

Runoff 3 81.08 cls @ 1242 hrs. Volume= 10.821 af 

Runoff by SCS TR-20 meme. UH-SCS. l ime Span= 0.0024.00 hrs. dG 0.05 hrs 
Type II 24-hr RainfaC13.00' (AMC=3) 

Area(ac) CN Description 8 - 
11.664 72 / L A L A  
11.664 72 Weighted Average. Adjusted for AMC = 86 

Tc Lenglh Slope Velocity Capacity Desdptlon 
(mln) (feet) (Mi) (Rlsec) (cis) 
38.3 300 0.0198 0.1 Sheel Flow. 

~ r a s s : ~ e & e  1~0 .240  P~=Z.MY 
5.7 770 0.0198 2.3 Shallow Concenmed Flow, 

2 0  395 0.01W 3.3 116.64 TrapNeelRectChannelFlow. 
Unpaved K F  16.1 rpS 

BoLW=O.O(Y D=1.08' Z= 58.0 h 3.07 n= 0.030 
46.0 1.465 Total 

Subcatchment N: runon east of OSDF 
Hydrepph Plol 

2000 year s to rmmodera te  
Prepared by GeoSyntec Consultants 

Type / I  24-hr Rainfall=73,W (AMC=3) 
Page 20 

HIdroCAD06.00 sin 000929 1986-2001 Applied Mlmcompuler Syrlems lnuzoo~ 
Reach 1: runoff channel 

. .  1651 Warrlng: Inlet elevation mt specified 

Inflow = 51.86 cfs @ 12.05 hrs. volume= 5.058 a i  
Outllow = 50.22 cis @ 12.13 hrs. Volume= 5.049 af. Attew 3%. Lag= 4.5 mm 

Area(%) CN Dexriptlon Rout@ by Slor-lnd+Tm method. Time Span= 0.00-24.W hrs. d e  0.05 hrs 
10.935 73 . . Max. VeloclIy 2.8 fps. Min. Travel Time= 2.4 mln 

, 10.935 73 Weighled Average. Adjusted for AMC = 87 Avg. Velocity = 1.2 fps. Avg. Travel ' h e =  5.8 min 

Tc Lengh Slope Velocity Capacity Descriplion 
(min) (feet) (MI) (Itlsec) (cfs) 
38.1 300 0.0200 0.1 Sheet Flow. 

Grass: Derie n= 0.240 P2= 2.60- 

Unpaved K F  16.1 Ips 

BoLW=O.Oo' D=I.OB' Z= 60.0 h 3.0 't n= 0.030 

3.1 420 0.0200 2.3 Shallow Concentrated Flow, 

1.3 250 0.01W 3.3 .120.47 TrapNeeiRecf ChannelFlow. 

42.5 970 TOM 

Subcatchment 0 runon east of OSDF 
Hydrograph Plot 

o I 2 a 4 5 e 7 8 o IO II 12 13 14 IS 18 I? 18 IO m 21 n )a 24 
lh. (houn) 

Peak Depm= 1.90' 
Capadty a1 bank full= 2.565.53 cfs 
0.OV x 82% deep channel. n= 0.030 Lengthi 405.0' Slope= 0.0035 7 
Side Slope 2-value= 6.0 4.0 7 

Reach 1: runoff channel 

Hydrognph PI& 

0 I 2 1 4 5 8 ? 8 0 IO I t  I2 11 I 4  (5 I1 I 7  I8 IO 20 21 22 23 24 
na4 (hours) 

000445 



Typs /I 24hr Rainfa//=f3.W (AMC=3J 
Page 21 

lnuzoo~ 
moo year s tormmoderate 
Ptepared by GeoSynleC COnSUllants 
HydmCAOL3 6.00 *In 000929 0 1986-2001 Applied Mkmmrnputsr Splsrns 

2000 year s to rmmodera te  
Prepared by GeoSynlec Consultants 
HydmCAOd 6.00 Un 000929 0 1986-2001 Appllad Micmcompulsr SWarns 

Type /I 24-hr RainfaU=13.W(AMC=3) 
Page 22 
1ny2002 

Reach 1 R  (new node) Reach 2 runoff channel 

WO] Hint: NO1 Destribed (mmawln(low) 165) Wamlng: lnlel elevabn no1 spedfed 

%flow P 191.30 cfs @ 12.48 hm. Volume= 27.823 af 
= 191.30 cfs @ 1248 hrs. Volume= 27.823 af. Allen= 0%. Lag= 0.0 min 

Brig by Slor.lnd+Tram method. T i e  Span= 0.00-24.W hrs. dl= 0.05 hrs 

Reach 1R (new node) 
Hydmgnph Plot 

lnnow = 105.97cfs@ 12.17 hn. Volume= 11.569af 
OumoW = 104.75 cfs @ 1222 hn. Vorume= 11.555 af, Allen= 1%. Lag= 3.0 min 

muling by smr-lnd+Trans method. Time Span= 0.W24.00 hn. dl= 0.05 hrs 
Max. Ve lodp  4.1 rps. Min. Trave4 Time= 1.6 rnln 
Avg. Velocily = 1.7 fps. Avg. Travel Time= 3.7 m h  

Peak Capacity ~ e p m =  a1 bank 2.16' full= 2.054.66 cfs - 4664, 
0.m x 6.57 deep channel. n= 0.030 Lenglh= 385.0' Slop- 0.00647 
Sae Sbpe z-va!ue= 6.0 5.0 7 

Reach 2: runof f  channel  

nydmgnph Plot 

b C L _ _  -. 
Prepared by GeoSyntec-CinsulIanls 
H~roCAOd6 00 .In 000929 0 1986-2001 Applad Mismmmpul~r Sy.1arna 

IO vear s larmmodera le Tvca N 24-hr Rainfa//=13.W(AMC=3)) 
Page 23 
1/23/200p 

Reach 2 R  (new node) 

(401 Hint NO1 Desulbed (OulIlowlnflow) 

Inflow = 336.36 cfs @ 12.32 hrs. Volume= 40.522 af 
Outflow = 336.36 cfs @ 12.32 hn. Volume= 40.522 af. Anen= 0%. Lag= 0.0 min * 

Routing by Sbr-lnd+Trans method. Time Span= 0.00-24.00 hn, dl= 0.05 hrs 

Reach 2R: (new no&) 
Hydmgnph PI01 

2000 year s t o k m o d e r a t e  
Prepared by GeoSplec Consultants 
HydmCAOL36.00 Un 000929 0 1986-2001 Applied Micmsompvlor Syslerna 

Type / I  24-hr Rainfa//=f3,00*(AMC=3) 
Page 24 
1nw002 

Reach 3: runoff channel 

1651 Warning: Inlet elevation not specified 

In& . = 161.89cfs@ 12.22 hrs. volume= 19.082 af 
OutRow = 16023 cfs @ 12.26 hrs. Volume= 19.063 af. Awn= 1%. Lag= 2.5 min 

Routing by Smr-lnd+Trans melhcd. Time Spaw 0.00-24.W hrs. dt;; 0.05 hrs 
Max. Velodrys 5.1 @. Min. Travel Time= 1.3 min 
Ay). Velocity= 22 Ips. Avg. Travel Time;: 3.1 min 

peak Depm= 2.65 
Capadty at bank full- 1.590.57 cfs 
0.120' I 6.26 deep channel. n= 0.030 Length- 405.0' Slope= 0.0075 'I 
Side Slope Z-valuer 3.0 6.0 7 

IW 
170 
160 

154 

140 

1s. 

120 
110. 

Iw- 

00, 
W 
10 . 
60. 
50 

.O 

an 
m 
IO 
0 .  

0 

Reach 3: runoff channel 

Hydmgnph Plot 

000446 



2000 year s tormmoderate 
Prepared by GecSynfec Consultants 

Type N ?4-hrRainfa//=l3.00' (AA4C.J) 
Page 25 

1RW002 ~ ~ C A o O 6 . 0 0  dn 000929 0 1986-2001 Applied Microcomputer Svrlems 

Reach 4 runoff channel 

169 wamlng: lnlel elevaUon ml spedfied 

= za.wds@ 1224hn. vofume- 26.003ar - mow i 220.62cls@ 12.29hn. Volume- 25.975ar. AUen= 1%. Lag=2.6min 

dng by Stor-lnd+Trans metkd, Time Span5 0.00-24.00 hrS. df= 0.05 hrs 
4.6 rps. Mln. Travel  me= 1.4 min 

A-. velocly = 2.0 fps. Avg. Travel T h e =  3.3 mln 

Peak Dep- 3.10' 
Capadly at bank fulls 1.377.52 CrS 
0.00 x 6.14 deep channel. n= 0.030 LengW 395.0 Slopes 0.0050 7 
Slde Slope 2-Valu~4.0 6.0'f 

Reach 4 runoff channel 

Hydrognph Plor 

n-. *_.._. _._. ...__._, 

Y Y .  * 

pb J? b/J?ch r- 
2000 year s tormmoderate 
Prepared by GeoSynfec Consulfants 
H*roCAO@ 6.00 .(n 000929 0 1886-2001 AwLd Mlsrocornpulsr Svrtems 

Typs I/ 24-hr RainfaU=l3.00'(AMC=3) 
Page 26 

lR312002 

Reach 5: runoff channel 

169 warning: Inlet el& mf spedfled 

lnlbw = 266.17 ds @ 12.27 hm. Volume= 31.120 af 
Oumow = 263.47ds @ 12.31 hrS. Volume= 31.088 af. Allen= 1%. Legi 2.5 min 

Rwtlng by Stor-lnd+Tmns memad. Time Span; 0.00-24.00 hm. dl= 0.05 hrs 
M a r  Velocity= 4.9 fps. Min. Travel Time- 1.4 mln 
~ v g .  vehxiy= 2.1 rps. ~ v g .  T ~ ~ M I  ma= 3.2 min - A / 'M. II 

Peak oepm= 3.45 4064 
Capadfyalbankrull= 840.15ds 
0.00' I 5.32 deep channel. n= 0.OY) LengIW 405.0 Slope= O.WS0 'I 

Reach 5 runoff channel  

Hydrognph P l a  

n".. 

Typs I/ 24-hrRainfaU=13.W(AMC=3) 2000 year s tormmoderate Type N 24-hr Rainfa//=T3.00"(AMC=3) 
Page 27 Prepared by GeoSynlec Consullanls Page 28 

ln3l200f 

00 year s tormmoderate 

1nY2002 HyjroCADS 6 00 sln 000929 0 1386-2001 Appliod Micmcompulsr Svrloms 
repared by GeoSynlec Consultants 

H r o C A M 6  00 sln 000923 0 1986-2001 Applmd MicrocompuUr SVSIamS 

Reach 6 runoff channel Reach 7: east  runon ditch 

b, 
(651 Warning: lnlel elevalion r a t  specifled [43) Hinl: Has m inflow (Oufflow=Zero) 

. .  
l nbw = 307.30ds@ 12.29hrs. Volume= 36.374; 
oumow = 304.05 crs @ 12.3 hm. vohmi= 36.332 ar. ~ u e w  1%. Lag= 2.8 min 

Roullng by StOr-lnd+Tm meIhod. l ime Span= 0.00-24.00 hrS. dt; 0.05 hrs 
Max. Velc$lly= 5.1 fps. Mln. Travel The=  1.5 min 
Avg. VelociIy = 2.2 fps. Avg. Travel l i e =  3.6 m!n 

capadry at w IUS= 800.53 ck 
0.w I 5.22 deap charmd. w 0.031 Length= 475.0' Stope= 0.0050 'r 
Slde Slope Z-value= 6.0 3.0 7 

Peak Depth= 3.64' . 

Reach 6 runoff channel 

Hydrograph Plot 

h. (h0"") 

Oufflow = 0.00 CIS @ 0.00 hrs. Volume= 0.OW a1 

Routing by Slor-IndcTranS m e w .  T h e  Span; 0.00-24.00 hm. d P  0.05 hm 
Max. ve!ncjty= 0.0 rps. Min. Travel Times 0.0 min 
Avg. Velocity = 0.0 fps. Aug. Travel Tlmw 0.0 min 

Peak Depm= 0.00' 

0.00' x 3.10 deep CiIaMd. ni0.030 Lenglh= 395.0' Sbpe=0.01257 
s a e  slope z-va~ue= 4.0 3.0 'r 
Capadfy a1 bank full= 24298 Cfs  

Reach 7: east runon di tch 

000447 



2000 year stormmoderate 
Prepared by GeCSylleC Consultanls 

Type II 24-hr Rainfa/l=l3.0Om(AMC=3) 
Page 29 

H~mCADQJB.00 sln OOM129 Q 1986-2001 Applied Micmcornpulsr SWarns lnuzoo~ 
Reach 8: east runon ditch 

[65j wamlng: lnla elevaLion nor specified 

l n W  43.54 CIS @ 12.56 hn. Volume= 6.776 af 
' ournow = 43.33 CIS @ 12.64 hrs. Volume= 6.762 af, Atten= OX.  Lag= 4.6 min 

Peak Depm= 0.75 
Capadly a1 bank full= 1.794.23 d S  
0.w x 3.01' deep channel. n= 0.030 Length= 405.0' Slope= o.0100'r 
Slde SlopeZ-value= 58.0 3.01 

Reach 8: east runon ditch 
t ivdmrwh Plot 

'PGJI clf/%'/c/a 4-b/(63 
2000 year stommoderate 
Prepared by GeoSynlec Consullank 
HydmCA00 6.00 d n  OW929 0 1986-2001 Applied MiCmcOmpulor Sy.lems 

Type I/ 24hr Rainfall=13.OW (AMC=3) 
Page 30 

1Ry200? 

Reach 9 east runon ditch 

(651 Warning: Inlet elevation no1 spedfied 

l n b w  = 118.98 cfs @ 12.49 hrs. Volume= 17.584 af 
ournow = 118.35 cfs @ 12.56 hm, Volume= 17.551 af. ~uen= 1%. ~ag- 4.3 min 

Routing by Stor-lnd+Trans method. lime Span= 0.00-24.W hrs. dl= 0.05 t!q3 
Max. VelociFI; 3.3 fps. Mln. Travel lime= 2 4  min 
Avg. Velocity = 1.5 fps. Avg. Travel lime= 5.4 mln -- 4 6 6 4  - -  
Peak Depth;: 1.OT 
Capacily a1 bank fulC 1,836.80 d s  
0.00' x 3.00' deep channel. n= 0.030 Length= 475.0' Slope= 0.0100 'I 
Side Slope 2-value= 60.0 3.0 'I 

Reach 9: east runon ditch 
Hydrognph Plot 

000448 
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2000-YEAR9 24-HOUR STORM EVENT 
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2000 year storm B 



~ 

YG-0 ffi/3Giut 't- / c p 3  
2000 year slorm-heavy 

HdroCAM 6.00 .In 000929 0 1986-2001 Applmd Miuocompuler Swltlmr 

Reach 1: runoffchanml 

Type /I 24-hi Rainfa//=l3.GQ-(AMC=3) 2000 year  storm-heavy 
Prepared by G e o S P k C  ~O+-Isullants Page 1 Prepared b y  GeoSyntec Consullanls Page 2 

1/23200q 

Type I/ 24hr Rainfa//=IJ.W fAMC=3) 

l n ~ o o ~  H~dmCAm6.00 . In 000929 0 1986-2001 APpLd Micmcomputw Smlams 

I n b w  52.69 CIS 5.057 sf 
Length= 405.U Mar Val- 1.1 Ips Capacitp 769.66 ds oulllovr 48.15 d. 5.034 d 

Time span=0.0024.00 hn. db0.05 hn. 481 poinvl 
~umff by SCS TR-20 method. UHSSCS. Type II 24-hr RaIniaC13.00' (AM-3) 

 each muting by StOr-lnd+Trans method - Pond muting by Stor-lrd methad 

Subcatchment & vegetated final cover 

bcatchment B: vegetated nnal cover ). 
Subcatchment C: vegetaled nnal cover 

SubCatchment D: vegetated nnal cover 

Subcatchment E: vegetated final cover 

Subcatchment F: vegetated Rnal cover 

subcatchment G: vegelaled final cover 

Subcatchment It vegetated nnal cover 

Subcatchment I: runon east of OSDF 

Subcatchment J: NMln east Of OSDF 

Subcatchment K runon east of OSOF 

Subcatchment L: runon easl of OSOF 

Subcatchment M: runon easl o f  OSDF 

Tc=25.4 mln CN-99 Araa-2.601 ac Runoff- 27.84 cfs 2.780 a1 

Tc-12.6 min CN-99 Area-1.637 ac Runoff- 24.52 cfr 1.754 af 

Tc=30.5 min CN-99 Ama-4.960 ac Runoff= 47.56 CIS 5297 af 

Tc-28.6 min CN=99 Ama-4.746 ac Runoffr 47.30 cfr 5.070 .I 

Ts-27.8 mln CN.99 ha-4.946 ac Runoff- 50.23 ds 5284 a1 

Ts128.4 mi" CN-99 Ama4.814 ac Runoff- 48.F) ds 5.143 a1 

Tc-28.5min CN-99 Ama4.946 ac Runoff- 49.47 cfa 5284 af 

Tc=29.1 mln CN.99 Ama-3.921 ac Runoff- 38.71 CIS 4.188af 

Tur20.5 min CN=91 Amar0.530 ac Runoff- 625 ds 0.523 af 

Tc44.8rnin CN-91 Ares-1242c.c Runoff-9.07~1s 1.220af 

Tc562.8 min CN-87 Area-2.623 ac Runoff- 14.73 cfs 2.4% af 

Tcs37.3 mln CN=86 Amaa-1.779 ac Runoff- 14.24 CIS 1.653 a1 

Tc=60.1 min CN=87 Area=7234 ac Runoff- 41.87ds 6.77201 

Subcatchment N: nmon east of OSDF 
Tc-49.1 min CN-86 Area=11.664 ac Runoff- 77.35~1~ 10.815 a1 

Subcatchment 0 runon east of OSDF 
Tc.44.4 mi" CNn87 Area=10.935 ac Runoff- 78.37ds 10.269 af 

00 year storm-heavy 
epared by GeoSyntec Consultants 

roCAm 6.00 .In 000929 B) 1986-2001 Applied Micmmrnpuler Svrlems 

Type // 24-hr Rainfa//=13.00" (AMC.3) 
Page 3 

. .  . H 1/223(2002 
, . .  

Subcatchment  A: vegetated final cover 

k, 
Runoff = 27.84 CIS @ 12.17 hPb. Volume 2.760 af 

Runoff by SCS TR-20 method. UWSCS. Time Span= 0.0024.00 hm. dt= 0.05 hm 
Type II 24-hr Rainfall=l3.00'(AMC=3) 

Area (ac) CN Descllplion 
2.601 98 
2.601 98 Weighled Average, Adjusted lor AMC = 99 

TC Length Slaw Velocity Capadty Desdplion 

10.1 90 0.0500 0.1 Sheel Flow, 
(mid (feet) (WH) (fvsec) (CIS) 

Grass: Dense n= 0.240 P2= 2.60' 

Grass: Demo n= 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.60' 

unpaved KF 16.1 rps 

5.5 60 0.1000 0.2 Sheet Flow, 

9.3 150 0.1700 0.3 Sheet Flow, 

0.5 190 0.1700 6.6 Shallow Concentrated Flow, 

25.4 490 Total 

f 
d 

Subcatchment  A: vegetated final cover 
Hydmgnph PI& 

Infbw- 163.07 dr 27.738 d 
O u I b r 1 6 3 . 0 7 c f ~  27.738al 

lnllor 103.31 ds 11.551 e l  
Lenglh- 385.0' MaiVaI-  1.6 1p1 Capacity.616.4Odr Outbwi.89.82 ;Is 11.518 s i  

Reach 1R (new node) -- 4 6 6 4 
Reach 2 runoff channel 

Reach 2 R  (new node) l n L r 2 4 2 . 5 2  ds 40293 af 
OumOr242.52 d s  40.293 sf 

Reach 3: runoff channel l n f b r  148.97 cfs 19.042 af 
Len@- 405.~7 Mal V o C  2.0 IPS Capadp 477.17 cfs Omfbw- 146.28 da  18.995 at 

I n b r  191.49 da 25333 PI 
Lenglh-395.0' MaKVoln 1.8 Ipa CspacBy413.26 ds Outfbw 18822 ds 25.864 af 

inflowP213.67ds 31.007sf 
LsngIh=405.0' Max Vel= 1.9 Ipa CapacIty=252.05 ds Ou~w=211.12 ds 30.927af 

Inbw=232.12da 36211 si 
LsngIh- 475.0' Max Val- 1 9  Ips Capacbp 240.16 CIS O u t f b r  229.30 ds 36.105 a1 

Reach 4 runoff channel 

Reach 5 runoff channel 

Reach 6 runoff channel 

Reach 7: east N n o n  dnch 
Lsnglh- 395.U ManVal- 0.0 IPS Capacilp 72.89 CIS OumOwn 0.00 ds 0.000 af 

Reach 8: east N n O n  dnch inmw- 41.87 CIS 6.772 
Length= 405.0 Mar Val= 1.0 Ips Cspacit)~ 538.27 d s  OumOw= 40.84 d s  6.737 af 

Inbw;. 107.40 cfa 17.552 d 
Langlh- 475.0' MaxVeI- 1.3 fpa Capacity=551.04 cfa Oulflovl105.39 cfs 17.469 d 

Reach 9: east mnon ditch 

Runoff Area 68.578 ac Volume = 68.535 af Average Depth 11.99' 

Type /I 24-hr Rainfad=13.Oo'(AMC=3) 
Page 4 

2.000 year stormheavy . .  
Prepared by GeoSynlec Consultants 

1/23/2002 HvdroCADO 6.00 .In 000929 0 1986-2001 Applied Microcomputer Swlsms 

S u b c a t c h m e n t  6: vegetated final cover 

Runoff = 24.52 cfs @ 12.04 hfs. Volume= 1.754 af 

Runon by SCS TR-20 method. UH=SCS. Time Span= 0.0024.W ins. dt= 0.05 hls 
Type II 24-hr RainfaU=l3,00'(AMC=J) 

Area (ac) CN Desulption 
1.637 98 
1.637 98 Wefghted Average. Adjusted for AMC 99 

Tc Lenglh Slope Vel- Capacity Oestrfption 

8.6 90 0.0750 0.2 Sheet Flow, 
(mln) (feet) (Mt) (fvsec) (ck)  

Grass: Dense n= 0240 P2= 2.60' 

BoLW=O.OO' 012.91' ,?= 6.07 n= 0.100 

Bot.W=O.OO' 0-2.91' Z= 4.0 6 6.0 'r n= 0.100 

0.7 130 0.0250 3.0 151.89 TrapNeemeQChannel Flow. 

3.3 320 0.0075 1.6 69.02 TrapNeelRect Channel Flow, 

12.6 540 Total 

Subcatchment 6: vegetated final cover 
Hvdroannh Plol 

to 

8 

6 

4 

2 

0 



2000 year storm-heavy 
Prepared by GeoSyntec Consultants 
~#roCAO06.00 rln 000929 0 1986-2001 Applied Micmcornpular SKlomr 

Type II 2 4 h r  Rainla//=13.0W (AMC=3) 
Page 5 

1 / 2 W O O ?  

Subcfchment C: vegetated f inal cover  

R W n  = 47.56 ds @ 12.23 hrs. Volume= 5 297 af 

RWH by SCS TR-20 method. UH=SCS. Time S p a F  0.00-24.00 hrs. dl= 0.05 hn 
"pe II 24-hr Rainfall=13.00' (AMC=3) 

irea(ac) CN Oescriptlon 
4.960 98 
4.960 98 Welghted Average. Adjusted for AMC 99 

T S J / W 3  
T y p  I/ 24-hr Rainla//=l3,OO-(AMC=3) 

Page 6 
1ny2002 

mt? o//r/oc 
2000 year s torm-heavy 
Prepared b y  GeoSynlec Consultants 
HydmCADB6.W d n  000929 0 1986-2001 Applad Mkmcompulsr Syrlerne 

Subcatchment  D. vegetated final cover 

Runoff = 47.30 cfs @ 12.21 hrs. Volume= 5.070 af 
I 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.00-24.OOhrs. d e  0.05 hrs 
Type II 24hr RainfaU=13.00' (AMC=3) 

Area (ac) CN Descfiption 
4.746 98 
4.746 98 Weighted Average. Adjusled lor AMC = 99 

Tc Length Slope Velocity Capacity Oesuip l in  

10.1 90 0.0593 0.1 Sheel Flow, 
(min) (feet) (WH) (fvsec) (I%) 

Grass: Dense n= 0.240 P2- 2.60' 
5.5 60 0.1wO 0.2 She& Flow, 

9.3 150 0.17M) 0.3 Sheet Flow, 
Grass: Oeme n= 0.240 P2= 2.60' 

Grass: Dense n= 0240 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BotW=O.OO' 0-3.32' Z= 6.0 6 4.0 7 n= 0.100 

0.5 190 0.1700 6.6 Shallow ConcertIraled Flow. 

5.1 370 0.0035 1.2 67.01 TrapNeelRect Channel Flow, 

30.5 860 Told 

Subcatchment  C vegetated final cover 

TC Length Slope Velocity Capacity Desdption 

10.1 90 0.0500 0.1 Sheet Flow. 
Grass: Dense n= 0.240 PZ= 2.60' 

5.5 60 0.1wo 0.2 Sheel Flow. 
Grass: Dense n= 0.240 p2= 2.64' 
She& Flow, 9.3 150 0.1700 0.3 
Grass: Dense n= 0.240 P2= 260' 

Unpaved Kv=16.1fps 

(min) (feet) (Mt) (Wsec)  . (cfs) 

0.5 180 0.1700 6.6 Shallow ConcenIraled flow. 

1.6 200 0.0083 21 190.82 TrapNeelRectChannelFlow. 

1.6 150 0.0045 1.6 127.40 TrapNeelRect Channel Flow, 
BO~.W=O.OO' 04.03 Z= 6.0 6 5.0 'r n= 0 . 1 ~ )  

Bot.W=O.OO' B4.03' Z= 6.0 6 4.0'f n= 0.100 
28.6 830 Tot# 

00 year storm-heavy Type I/ 24-hr Rain$/l=13.00" (AMC=3). 
Page 7 

Appled Micmcompulor S+lorn* 1/23/2002 
. . .  . 

Subcatchment  D: vegeiated final cover 
Hydrogmph Plot 

2000 year stormheavy 
Prepared b y  GeoSyntec Consultants 

Type I/ 24-hrRainra//=73.00'(AMC=3) 
Page 8 

HydmCAM 6.00 s/n 000929 S 1986-2001 Applied Micmcompvlar Syllerns 1/23/200? 

Subcatchment  E: vegetated final c o v e r  

Runon = 50.23 cfs @ 12.20 hrs. Volume= 5.284 af 

Runoffby SCS TR-20 m e w .  UH=SCS. Time Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type II 24-hr Ralnlall=13.00' (AMC=3) 

Area(=) CN Oesuiptlon 
4.946 98 
4.946 98 Weighted Average. Adjusted for AMC = 99 

Tc Lenglh Slope Velocity Capacity Oesaiption 

10.1 90 0.0500 0.1 Sheet Flow, 
Grass: Dense n= 0.240 PZ= 2.60' 

5.5 60 0.1000 0.2 Sheet Flow. 
Grass: Dense n= 0240 P2= 2.60' 
Sheet Flow, 9.3 150 0.1700 0.3 
Grass:Oeme n=0.240 P2=2.60' , 

(min) (feel) (WH) (Wsec) (cfs) 

0.4 170 0.1700 6.6 Shallow Concentrated Flow, 

0.5 50 0.0045 1.7 180.24 TrapNeemedChannel Flow, 

2.0 320 0.0105 2 6  246.72 TrapNeemecl Channel Flow, 

Unpaved K v ;  16.1 fps 

BOLW=O.OO' 0=4.59' Z= 6.0 h 4.0 'r n= 0.100 

Bot.W=O.W 0=4.59 Z= 6.0 6 3.0 7 n= 0,100 
27.8 840 rota 



2000 year storm-heavy 
Repared by GeoSW3C Consultants 
HydmCAM6.W .In000929 0 1986-2001 Applied Miimcomputsr Syrlerni 

rym /I 24-hi Rain/a//=13.W (AMC=3) 
Page 9 

iRY2002 

Subcatchment E: vegetated final cover 

Hydrograph PI@ 

year storm-heavy T y p  I/ 24-hrRain/an=fl~(AMC=3) 
Page 11 

Apptiad Microcornpuler Syrtern. 1RW00? . . .  . ,  . 
Subcatchment G: vegetated final cover 

Runoff = 49.47 cfs @ 12.21 b. Volume= 5.284 af 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.0024.00 Ns. d F  0.05 hrs 
Type II 24-hr Rainall= 13.00' (AMC=3) 

Area(ac) CN Oesaiptbn 
4,946 98 
4.946 90 Wdghled Average, AdjuSled for AMC = 99 

Tc Lenglh Slope Velocity Capacity Desdption 

10.1 90 0.0500 0.1 Sheet Flow. 
(min) (feel) (hM) (wsec) (cfs) 

Grass: Oeme n= 0240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.64 

Grass: Dense n= 0.240 P2= 2.60- 

Unpaved KF 16.1 fps 

Bai.w=O.Oo' 0=5.1S Z= 3.0 h6.0.f  n.-0.100 

5.5 60 0.1m 0.2 Sheet Flow. 

9.3 150 0.1700 0.3 Sheet Flow. 

0.4 175 0.17W 6.6 Shallow ConcenuaIed Flow, 

3.2 370 0.0050 1.9 231.42 TrapNe~eclChanml Flow, 

28.5 845 Total 

Subcatchment G: vegetated final covec 

4b/QS --.  
Type I/ 24-hrRainh/l=lJ.rJLr (AMC=3) 

Page 10 

f d / d e  
2000 year storm-heavy 
Prepared by GeoSyntec Consultanls 
HdmCAM6.00 ./no00929 0 1986-2001 AD&d Miimcomputsr Svrlerna in woo^ 

Subcatchment F: vegetated final cover 

R w f f  = 4829&@ 1221 hn. Volume= 5.143af 

R w f f  by SCS TR-20 m e w .  UH=SCS. TIm Span= 0.0024.00 hrs. dtE 0.05 hn 
Type II 244f Rainfall=13.00' (AMC.3) 

Area(=) CN Oesnlption 
4.814 98 A * - -  
4.814 98 Welghted Amage. Adjusted lor AMC = 99 4664 

Tc Length Slope Vel* Capaaty OesdpUOn 

10.1 90 0.0500 0.1 Sheet Flow, 

5.5 60 0.1Ooo 0 2  Sheet Flow. 

9.3 150 0.17M) 0.3 She& Flow, 

0.4 175 0.1700 6.6 Shallow concenfraied flow, 

(min) (feet) ( W e )  (Wsec) (ds) 

Grass: Oeme n= 0.240 PZ= 2.64 

Grass: Oeme n= 0.240 P2= 2.W 

Grass:Deme ~ 0 2 4 0  P2=2.W- 

Unpaved K ~ 1 6 . 1 f p s  
3.1 360 0.0050 1.9 238.68 TrapNeclRedChannelFlow. 

BotW=O.W' cF5.00' .?= 4.0 d 6.0 7 n= 0.100 
28.4 835 TOW 

Subcatchment F vegetated final cover 

2000 year s t o n h e a v y  
Prepared by GeoSyntec ConsullanIs 
HyJrnCAL236.00 .In WW29 Q 1486-2001 Apphd MimU)mputer Syrlerna 

Type I/ 2 M r  Rainh//=l3,GV (AMC=3) 
Page 12 
1/2Y200? 

Subcatchment H: vegetated final cover 

Runoff = 38.71 cfs @ 12.22 hrs. Volume= 4.188 a1 

Runoff by SCS TR-20 method. UHzSCS. Time Span= 0.00.24.00.NS. dtE 0.05 hrs 
Type I I  24-hrRainfaC13.00'(AMC=3) 

Areafac) CN Oewriotion 

. .  

3.921 98 . 
3.921 98 Welghted Average, Adjusted for W C  = 99 

TC Length Slope VdoCny Capadly D e ~ d p L i ~  
(min) (feel) (W) (Wsec) (cfs) ' 

10.1 90 0.0500 0.1 Sheet Flow. 

5.5 60 0.1000 02 Sheet Flow, 

9.3 150 0.1700 0.3 Sheet Flow. 

0.4 175 0.1700 6.6 Shallow ConcenIraIed Flow, 

3.8 440 0.0050 1.9 231.42 TrapNee/Rect Channel Flow, 

Grass: Oense n= 0240 P2t 2.60- 

Grass: Oense n- 0.240 P2= 2.60' 

Grass: Oense n= 0.240 P2= 2.60' 

Unpaved KF 16.1 fps 

BOLW-0.00' O=S.lS Z= 3.0 h 6 . 0 T  n= 0.100 
29.1 915 Total 

Subcatchment H wgetated final cover 

HvdroanDh P l d  

000452 



2000 year s to rmheavy  
Prepared by GeoSyntec Consultants 
H@,&AW 6.00 sln 000929 0 19W-2Wl Applied Micmcomw1.r Sy.isms 

Type /I 24-hrRainfaU=13.W (AMCgJ 
Page 13 

1/23/2002, 

Subcatchment I: runon east of OSDF 

R ~ I I  , = 625cls@ 12.12hrs. Volume= 0.523al 

R ~ R  by sCS TR-20 method. UHESCS. l ime Span= 0.0024.00 hrs. dl= 0.05 hrs 
I1 24-hr RalnlalC13.M)' (AMC'3) 

a(=) CN DeSCliPUOn 
0.5M 79 
0.530 79 Weighted Average. Adjuled for AMC = 91 

19.9 210 0.0500 0.2 Sheet Flow. 
Grass: Dense n= 0.240 P b  2.6W 

0.6 55 0.0075 1.6 69.02 TrapNeelRect Channel flow. 
BoLW=O.OO' D=291' ZD 4.0 h 6.0'r IF 0.100 

20.5 265 Tola! 

Subcatchment I: runon east of OSDF 
Hvdmannh Plot 

7 t/w03 
2000 year stormheavy v'' 0''/36/6'2 Type /I 24hr RairdaU=13.00'(AMC=3J 
Repared by GeoSynIec Consullanls Page 14 
HydmCAD@a 6.04 rln W0929 0 1986-2001 Appled MIcrOCOmpUler Svrlemr 1/23/2ooq 

Subcatchment J: runon east of OSDF 

R m n  = 9.07dsQ 1240hrs. Volume= 1.22Oal 

RUMR by SCS TR-20 memod. UH=SCS. Time Span= 0.0024.00 hrs. d B  0.05 Iys 
~ y p e  II 2dhr ~ainfa11=13.00' (AMC=3) 

- Arealac) CN DesulpUon 
1.242 79 A 
1242 79 Weighted Average. Aqusled for AMC = 91 Y Y 

Tc Length Slops Vdodly Capacity DesCliplkm 
(min) (feel) (WH) (Itlsec) (ck) 
41.9 300 0.0158 0.1 Sheel flow, 

Grass: Deme n= 0.240 Pi- 2.64 
0.8 100 0.01yl 2 0  Shallow Concentrated Flow, 

2.1 150 0.0035 1.2 67.01 Traph'eeRect Channel Flow, 
Unpaved K F  16.1 Ips 

BoLW=O.OU 0=3.u' 2=6.0 h4.0T n-0.100 
44.8 550 TOG4 

Subcatchment J: runon east of OSDF 
Hydrograph Plot 

I 

year s to rmheavy  Type /I 24-hrRainfa1l=13.GV(AMC=3J 2000 year storm-heaby Type /I 24hr RainlaN=13.00" (AMCgJ 
epared by GeoSynlec Consullanls Page 15 Prepared by GeoSynIec Consullanls Page 16 

1/23/2002 6.00 aln 000929 0 1986-2001 Applied Micmcompular S p l a m s  1/23-2002 HydmCAD@B.OO *In 000029 0 1986-2001 Applied Micmsompulor Swlems 

Subcatchment K: runon east of OSDF Subcatchment L runon east of OSDF 

~umf f  = 14.73~1s Q 12.63hrs. Volume= 2454 a1 

R w f f  by SCS TR-20 m e W .  UH-SCS. Time Span= 0.0024.00 hrs. d e  0.05 hm 
Type II 24-hr Rainfall-13.00' (AMC=J) 

~ u m n  = 14.24 cfs @ 12.31 hrs. vo~ume= 1.653 af 

Type II 24-hr Rai~all=l3.00*(AMC=3) 
RUMH by SCS TR-20 melhob,'UH~SCS. Time Span= 0.0024.00 hm. dl= 0.05 hrs 

Area(=) CN DesCriptiOn Area(=) CN DeScriptlon 
2.623 73 1.779 72 
2.623 73 Weighted Average. Adjusled for AMC 87 1.779 72 Welghled Average. Aqusled for AMC = 86 

TC Length Slope VeloCny Capadty Desmplbn 
(mln) (feel) (WH) (hlsec) (CIS) 
58.0 300 0.0070 0.1 Sheet Flow, 

Grass: Dense n= 0.240 P2= 2.64 

Unpaved K r  16.1 Ips 

Bol.W=O.OO' D=4.03 2= 6.0 h 4.0 Y n= 0.100 

2.1 290 0.0200 2.3 Shallow Concenlrated Flow, 

2.7 250 0.0045 1.6 127.40 TrapfVeelRed Channel Flow, 

62.8 840 Tola! 

Subcatchment K runon east of OSDF 
Hydrograph Plot 

TC Length Slope Velocity Capacity Desdplion 
(min) (feel) (Rm) (ftlsec) (a) 
34.9 300 0.0250 0.1 Sheet Flow, 

Grass: Dense n= 0.240 P2= 2.60' 
0.9 140 0.0250 2.5 Shallow Concentrated flow, 

0.9 170 0.0375 3.1 Shallow Concenlrated Flow, 

0.6 90 0.0105 2.6 246.72 TraplVeelRecl Channel Flow, 

Unpaved K r  16.1 fps 

Unpaved KF 16.1 Ips 

Bol.W=O.oo' 04.59 2.6.0 h 3.0 7 n= 0.1M) 
37.3 700 Tola! 

Subcatchment L: runon east of OSDF 
Hydmgraph PI& 

000453 f 



2000 year s to rmheavy  
Prepared by GeoSyntec Consultanls 
HydmCA006.00 dnW929 0 1986-2001 Aprdbd Mismmrnpular S p b m s  

Type / I  24-hr Rainfa//=f3.W (AMC=3) 
Page 17 

lR32002 

Subcatchment M: runon east of OSDF 

~ w f f  = 41.87 ds @ 12.60 b. Volume= 6.772 af 

R w H  by SCS TR-20 method. UWSCS. Tlme Span= 0.0024.00 b. dt= 0.05 hrs 
08 11 24-hr RaInfail=13.00' (AMC4) 

Area(ac) CN DaScriPtiOn 
7234 73 
7234 73 Welghled Average. Adjusted for AMC = 87 . 

TC Length Slope Veldty  CaPadty Desdption 

50.3 300 0.0100 0.1 Sheet Flow. 
(min) (feet) (fUft) (IUSec) ( C k )  

Grass: Dense n= 0.240 P2= 2.60' 
3.1 22% 0.0139 1.9 Shallow Concentmted Flow. 

1.4 180 0.0167 2.1 Shallow Concenm& Flow. 
unpaved KW 16.1 fps 

Unpaved Kv= 16.1 Ips 

BOLW=O.W' D-1.1s z= 4.0 a3.0'r n= 0.100 
5.3 260 0.0125 1.1 5.30 TrapNec/RectChannelFlow, 

60.1 1.190 Told 

Subcatchment M: runon east of OSDF 
Uudrnnmnh P M  

00 year storm-heavy Type / I  2 4 4  RainfaN-13.0W (AMC=3) 
Page 19 

1R32002 
repared by GeoSyntec Consultants 0 HydroCADQ 8.00 d n  000929 B 1986.2001 Applied Micmmmpuler Sy51oms 

Subcatchment 0 runon east of OSDF 

~ m f f  = 78.37 CIS @ 12.40 hrs. Volume' 10.269 af 

Runoff by SCS TR-20 melhod. UH-SCS. Time Span= 0.00-24.00 hrs. dt= 0.05.hrs 
Type II 26hr RainfaII=13.0W(AMC=3) 

Area(ac) CN Descrlptlon 
10.935 73 
10.935 73 Welghted Average. Adjusted for AMC = 87 

TC Length Slope Velocity Capaaty DesdpUon 
(min) (feet) (Cvn) (Itlsec) (cfs) 
38.1 300 0.0200 0.1 Sheet Flow, 

Grass: Dense n= 0.240 P2= 2.60' 

Unpaved KF 16.1 Ips 

BOLW=O.OO' ~ = i m  z= 60.0 6 3.07 n= 0 . 1 ~  

3.1 420 0.0200 2 3  Shallow Concentrated Flow. 

3.2 250 0.0100 1.3 108.32 TrapNeeiRed Channel Flow. 

44.4 970 Total 

Subcatchment 0: runon  east of OSDF 
Hydrograph Plot 

I-R...(rl 

Prepared by Geosyntec-consultants Page 18 
HydmCALl@6 00 dn 000929 0 1886.2001 AppDbd Mrmcom~ulor SVrloma 1RW002 

Subcatchment N: runon east of OSDF 

R w f f  = 77.35.3s @ 12.46 hrs. Volume= 10.815 af 

Runoff by SCS TR-20 method. UH=SCS. T i e  Span= 0 0024.00 hrs. at= 0.05 NS 
Type I1 24-hrRainfa11=13.00' (AMC=3) 

Area(ac) CN Description 
11.664 72 
11.664 72 Weghted Average. Adjusted for AMC = 86 - . 

Tc Length Slope Velocity Capadiy DesaipNon 
(min) (feet) (Cvn) (fvsec) (cfs) 
38.3 300 0.0198 0.1 Sheet Flaw. 

Grass: Dense n= 0.240 P2= 2.60' 
5.7 770 0.0198 2.3 Shallow Cmcentrated Flow, 

UMoaMtd K F  16.1 10.3 
5.1 395 0.0100 1.3 104.87 TripNeelRedChankl Flow. 

BOLW=O.W* ~-1.w z= 58.0 a 3.0 'r n= 0.100 
49.1 1.465 Told 

2000 year storm-heavy 
Prepared by GeoSyntec Consultants 
HydmCALl@6.00 sln 000929 e 1986.2001 Applied Micmcornpdsr SPdm?l 

Type I/ 24-hrRainfa//=13.00" (AMC=3) 
Page 20 

1R32002 

Reach 1: runoff channel 

1651 Warning: Inlel elevaUon no1 specified 

Inflow = 52.69 cfs @ 12.08 hrs. Volume= 5.057 af 
Outflow = 48.15 cfs Q 12.26 hrs. Volume= 5.034 af. Anen= 9%. Lag= 10.7 min 

Rouling by Slor-lnd+Trans melhod. Time Span= 0.W-24.00 hrs. dt= 0.05 hrs 
M a x  Veloclry. 1.1 fps. Min. Travd Time= 6.0 min 
~ v g .  Velocity = 0.5 Ips. A q .  Travel Time= 14.5 min 

Peak Depm= 2.93' 
Capan'ty at bank full= 769.66 cfs 
0.00 x 8.29 deep channel. n= 0.100 Length= 405.0' Slope= 0.0035 7 
Side Slope Z-value= 6.0 4.0 T 

Reach 1: runoff channel 



2000 year storm-heavy Tyw /I 24-hr Rainfa//=l3.M (AMC4) 
Prepared by GaOsynteC Consullanls Page 21 
HydmCAW 6.00 dn 000929 1985-2001 Applied Mlcmcompulsr Swam. rn3/2002 

Reach 1 R  (new node) 

[40] Hint No1 D e s W  (Oumr*clnb+') 

= 163.07 cfs @ 12.60 hn. Volume= 27.738 af 
mow = 163.07 cfs g 12.60 hn. Volume- 27.738 af. Anen= 0%. ~ a g =  0.0 mh 

fing by Stor-lnd+Trans method. l ime Span= 0.00-24.00 hrs. dl= 0.05 hn 

Reach 1R: (new node) 

Hydqraph PlM 

B 

00 year storm-heavy rvpe N 24-hrRainfa1/=13.00" (AMC=3) 
Page 23 

1n3lzoo2 
repared by GeoSyntec Consultants 6: 

HydmCAWD6.00 'In 000929 0 1986-2001 Appliad Micmcompvlsr Systems 

00 year storm-heavy rvpe N 24-hrRainfa1/=13.00" (AMC=3) 
Page 23 

1n3lzoo2 
repared by GeoSyntec Consultants 6: 

HydmCAWD6.00 'In 000929 0 1986-2001 Appliad Micmcompvlsr Systems 

Reach 2R (new node) 

[40] Hint: Not Desaibed (OufflowlnOaw) 

innow = 242.52 cfs g 12.63 hrJ. Volume= 40.293 af 
OumOw = 242.52 CIS @ 12.63 hm. Volume- 40.293 al. Anen= 0%. Lag= 0.0 min 

Rouling by Stor-lnd+Trans method. Tme Span= 0.0024.00 hrs. dt; 0.05 hn 

Reach 2 R  (new node) 
Hydrograph PIM 

h. PO"") 

-. ~ 

Type I/ 24-hr Rainfal/=l3.OW (AMC=3) 
Page 22 

lR3nOO2 

2000 year s to rmheavy  "*$ c1;3Jcz 
Prepared by GeoSyntec Consullanls 
HydmCAW 6.00 .In DOC929 8 1986-2001 Appffid Microcampuler Sy.1.m~ 

Reach 2 runoff channel  

[6% Warning: Inlet elevalion MI specified 

lnllow = (03.31 cfs g 12.26 hn. Volume= ' 11.551 af 
Oufflow = 59.82 cfs 0 12.37 hn. Volume= 11.518 af. Anen= 3%. Leg= 7.0 min 

RouUng by Smr-lnd+TTrans method. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velocity= 1.6 1 ~ 6 ,  Min. Travel Time= 3.9 min 
Avg. Velodty = 0.7 fps. Avg. Travel Time= 9.2 min 

Peak Depm= 3.33' 
Capadly al bank f u t  616.40 cfs 
0.00' x 6.57 deep channel. n= 0.100 Length= 385.0' Slope= O.M)64 'r 
Side stope z+aiue= 6.0 5.0 'r 

- 4 6 6 4  

I 
a 

2000 year slorm-heavy 
Prepared by GeoSyntec Consultants 
HvdmCAOe 6.00 dn 000929 e 1986-2001 Applied Micmcompulot Syrloma 

Tyw / I  24-hr Rainfa//=13.00'(AMC=3) 
Page 24 

1n3/2oo;! 

Reach 3: runoff channel  

[65] Warning: Inlet elevation no1 specified 

innow = 148.97 cfs g (2.M hn. Volume= 19.042 a1 
O u W  = 146.28 CIS g 1244 hn. Volume= 18.995 af. Anen= 2%. Lag= 6.0 min 

Rouling by Stor-lnd+Trans method. l ime Span= 0.0024.00 h n .  d P  0.05 h n  
Max. Velociry;: 2.0 Ips, Min. Travel Time- 3.4 mln 
Avg. Velocity = 0.9 Ips. Avg. Travel rime= 7.7 min 

Peak Depm= 4.02 

0.W x 6.26 deep channel. n= 0.100 Length= 405.0' Slope= 0.0075 'r 
Side Slope Z-v&e= 3.0 6.0 7 

Capadlyat bankfull=477.17cfs 

Reach 3 runoff channel  
Hydmgnph PI& 

000455 



Type /I 24-hr Rernlall43 OO'(AMC=3) 2000 year storm-heavy 
hepared by GeoSyntec Consultants Page 25 Prepared by GeoSyntec Consultants Page 26 
H.+jmCAm6 00 dn000929 e 1986-2001 Applmd Mrmcnmpufbr Swlsmr 1/2MOO;! 

Type I/ 24-hrRahfaf/=13MY(AMC=3) 2000 year s tormheavy 96? a / 3 d c +  
l/2?42002 H r l m C A m  6 00 d n  000929 0 1986-2001 Applied MIMODCPUIOI SyrlsmS 

Reach 4 N n O f f  channel 

1651 warrdng: Inlet elevation mt specified 

i n ~ o w  = 191.49ds@ 12.39hn. Volume= 25.933a1 
w m w  v 188.22 ds @ 12.50 hrs. Volume= 25.864 af. Anew 2%. Lag= 6.5 min 

uting by Stor-lnd+Trans method. rime Span= 0.00-24 00 hn. d F  0.05 hrs 
, !/&dry= t 8 fps. Mm Travel lime- 3 7 mh  . vebcig = 0 8 fps. A q .  Travel Time= 8 3 mm 

Peak Depm= 4.58' 
Capadg B1 bank Mia 413.26 dS 
0.00 x 6.14' deep channel. n= 0.100 Length= 395.0' Slope= o.Oo5O'P 
side slope z-v;due= 4.0 6.0 7 

Reach 4 tunoff channel 

Hydrograph Plol 

0 1 2 3 4 5 8 7 8 0 I O  I 1  I? 13 I4 IS 18 17 18 IO ZU 21 21 W 24 

00 year s tormheavy 
epared by GeoSyntec Consultants 

r y p  N 24-hrRahfall=13.W"(AMC=3) 
Page 27 

H mCAD@6.00 'In 000929 0 1986-2001 Appliid Micmcompuler Syrlsms t123/2002 

Reach 6 runoff channel 

., 
'1651 Wamlng: Inlet elevation not specified 

Inflow = 232.12cfs @ 12.53 hrs. Volume= 36.211 a1 
Oulfiow = 229.30 ds @ 12.65 hrs. Volume= 36.105 af. Anen= 1%. Lag= 7.1 min 

Routina by Stor-tnd+Trans method. lime Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velodw 1.9 fps. Min. Travel rime= 4.1 min 
Avg. Velocliy = 0.9 fps. Avg. Travel Time= 8.9 mln 

Peak Depm= 5.13 
Capacig at bank lull= 240.16 cfs 
0.W x 5.22' deep cnannel. n= 0.100 Length= 475.0' Slope= 0.0050 7 
Side Slope 2-value- 6.0 3.0 7 

Reach 6: Nnoff channel 

Reach 5: runoff channel 

169 Warning: Inlet elevation not specified 

Inmw = 213.67ds@ 1246hrs. Volume= 31.007al 
Ouifbw = 211.12 cfs @ 12.57 hrs. VoIumw 30.927 af. Anen= 1%. Lag= 6.3 min 

Routing by Stor-lnd+Trans method. Time Span= 0.00-24.00 hrs. dl' 0.05 hrs 
Max.  Velocity= 1.9 Ips. Mtn. Travel Time= 3.6 mln 
Avg. Velcdty = 0.8 fps. Avg. Travel Time= 7.9 min 

Peak Depth= 4.98' 
Capadly at bank full- 252.05 cfs 
0.00 x 5.32 deep charmel. n= 0.100 Length= 405.0 Slope= 0.0050 7 
Side Slope z-va~ue= 6.0 3.0 'r 

Reach 5: runoff channel 

- 4664 

Hydmgraph Plol 

Type I /  24-hr Raifl~a//=13.OO.fAMC=3) 2000 year storm-heavy 
Prepared by GeoSyntec Consultants Page 28 
H ~ m C A 0 @ 6 . 0 0  dn WW29 1986-2001 Applmd Mcroc~mpubr Swlsms ., 112312002 . .  . .  

Reach 7: east runon ditch . 
[43] Hint Has m inflow (OufflorZem) 

Oumow = O.OOcls@ 0.00 hn. Volume- O.OWaf 

Routing by Slor-lnd+Trans method. Time Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velociw 0.0 Ips. Min. Travel Time= 0.0 min 
Avg. Veiocig = 0.0 fps. Aw.  Travel The= 0.0 min 

Peak Depm= 0.00' 
Capacity a1 bank full= 72.89 cfs 
0.W x 3.lW deep channel. n= 0.100 Lenglh= 395.0' Siope=0.01257 
Side Slope 2-value= 4.0 3.0 T 

Reach 7: east runon d i t ch  
Hydmgmoh P b I  



2oM) year s tormheavy 
Prepared by GeoSynlec Consultants 
H ~ m C A D O  6.00 d n  000929 0 1086-2001 Applled MIuocompY(er Svslsrns 

Type I/ 24-hr RainfaU=13.0O~(AMC=3j 
Page 29 

1/23/2002 

Reach 8: east runon ditch 

(6q Warning: Inlet eloration MI speafied 

l nbw = 41.87cfs@ 12.64 hrs. Volumrr 6.772af 
'utn- = 40.84 cis @ 12.80 hrs. Volume= 6.737 af. Anen= 2%. Lag= 11.9 min 

uhng by Slor lcd+Trans melhod. Tlmo SWW 0 W-24 W hn. df; 0 05 hrs 
velooty. I o rps. Mm Travel lime= 6.6 min 
Velouty = 0.5 Ips. A q  Travel Time= 14 3 mm 

Peak Depth= 1.14' 
Capacity a1 bank full' 538.27 CrS 
0.00' x 3.01' deep channel, n= 0.100 Le%&- 405.0 Slope= 0.01 00 'I 
Slde Slope 2-value= 58.0 3.0 'I 

Reach 8: east runon ditch 
Hydrogmph P l d  

o 1 2 3 4 5 6 7 8 s IO 11 12 ?a 14 IS 16 $7 18 1s w 21 zz w 24 
TLra. (haun) 

5 I /Ub 
2000 Year storm-heaw *" j3'/'= Type /I 24-hr Rainlal/=13.00" (AUC=3J 
Prepared by GeoSyntecConsultants Page 30 
HydmCAO@ 6.00 d n  WW29 18 1986-2001 Applbd Mkmmmwbr Svslams 1nu2003 

Reach 9 east runon ditch 

[65] Warning: lnlel elevation ml specified 

Inflow = 107.40 cfs @ 1257 hrs. Volume= 17.552 af 
Oumow = 105.39 ds @ 12.75 hrs. Volume= 17.469 af. Anen= 2%. Lag= 10.9 rnln 

Routing by Slor-lnd+Trans melhod. Tima Span= 0.M)-24.00 hrs. d t i  0.05 hrs 
Max. Velocity= 1.3 ips. Min. Travel The= 6.2 mln 
Aq .  Velodty = 0.6 fps. Avg. Travel Time= 13.3 mln 

Peak Devm- 1.61' - 4664 
Capadty.at bank IUII= 551.04 cfs 
0.00' x 3.00' deep channel. n= 0.100 Length= 475.0' Slope= 0.0100 Z 
Side Slcpe Z-vatue= 60.0 3.0 7 

Reach 9: east runon ditch 
Hvdmannh Plol 

0 1 2 3 4 6 6 7 8 0 IO 11 I2 13 14 15 16 I 7  18 le 20 21 22 23 24 
nm. N u n )  



GEOSYNTEC CONSULTANTS PAGE 52 OF 6s 
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Client: Fluor Fernald. Inc. Project: OSDF Phase V Project No.: T 1 3 4 2  Task  NO.:^ 

0 - 4 6 6 4  

ATTACHMENT C-2 

WEIGHTED CURVE NUMBER CALCULATIONS 

2000 year storm 



RESULTS FOR THE CALCULATION OF WEIGHTED CN 
2000 YEAR STORM DESIGN SCENARIOS 

L- 4 6 6 4  

E 

F 

G 

H 

I 

J 

K 

L 

M 

N B 
0 

4 95 100% BIC vegetated final cover 98 98 99 

4 81 100% BIC vegetated final cover 98 98 99 

4 95 100% BIC vegetated final cover 98 98 99 

3 92 100% BIC vegetated final cover 98 98 99 

0 53 100% C mnon east of OSDF 19 19 91 

1 24 100% C runon east of OSDF 19 19 91 

2 62 65% B mnon east of OSDF 69 73 87 
35% C mnon east of OSDF 19 

I78 10% B mnon east of OSDF 69 12 86 
30% C mnon east of OSDF 19 

7 23 60% B mnon east of OSDF 69 13 87 
40% C mnon east of OSDF 19 

I1 66 75% B mnon east of OSDF 69 12 86 
25% C mnon east of OSDF 19 

10 94 65% B mnon east of OSDF 69 13 87 
35% C mnon east of OSDF 19 

C attach 2000/C2 

I 

000459 
I 
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- 4 6 6 4  ATTACHMENT C-3 

TABULATED CHANNEL ANALYSIS RESULTS 

B 2000 year storm 

000460 



20UU YEAR STORM DESIGN SCENARIO - LIGHT VEGETATION 
SUMMARY OF CHANNEL ANALYSIS RESULTS 

Dcsign 
Scciiuriu 

2W0 DS 
2w0 DS 
2000 DS 
2WO DS 
2000 DS 
2000 DS 
2000 DS 
2W0 DS 
2wO DS 
2wO DS 

CI 
cham1 
NUIIC"' 

subuuehnuni B 
reach I 
w i h  2 
r c r h  3 
m c h  4 
much 5 

rwrh 6 
much 7 
rtach 1 
m c h  Y 

ScclLin Minimum 
Shapc Channcl 

Deplh (fi) 

w e  I I.YO 
MT 10.90 
VCC 7.73 
vce 6.76 
V e C  7.25 
VCC 5.RX 

VCC 5.76 
vcc 3 .(* 
YTU 3.51 
vcc 3.50 

RCI ldcnlirrcvl 

SUlUS 

mixing 
erisiiy! 
cnisiing 

new 
M W  

I K W  

DCW 

I X W  

M W  

M W  

HyJrologic Cdmlaliuns 
H)?JIc€AD ~ydruCAD 

Nidc Q"' 
(err) 

I 63.06 
2 130.82 
3 197.81 
4 268.74 
5 314.75 
6 358.63 

2R 387.27 
x 54.76 
Y 14694 
IR 232.74 

Hydraulic Wculntions 
~rcuof  P u i n w  Hydnvlic PcakFlow btimated Cham4 p d j q o w  Lining 
Flow P Rndiu6.R Depth'' Q" F r e c h ~ " '  Vclucily Typc" 

A W ~ )  (n) (n) Y (n) w s )  (fi) (fps) 
21.42 21.13 1.01 2.07 63.54 9.8 2.YB riplnp 

36.72 27.66 
4657 3254 

5639 32.13 
62.30 36.03 
67.40 35.76 
70.Y2 36.70 
10.Y7 12.90 
41.75 71.57 

60.86 87.81 

ianncl Chamclcrisliift 

1.33 
1.43 

1.72 
1.73 
I.S8 
1.Y3 
0.85 
0.58 1 0.6Y 

2.71 130.35 8.2 3.6 
2.YI IY7.11 4.8 4.2 

3.54 270.09 3 1  4.8 
3.53 31532 3.7 5.1 
3.87 361.09 2.0 5 A 
3.97 386.52 I .8 5.5 
1.77 54.65 1.8 5.0 
1.17 144.75 23 3 5  
1.39 236.71 2.1 3.9 

NUICK: 
I .  Chvlncb w t  n a M  n k r  lhc ~8rmpvnding suhcalchnienl or mch. 
2. Lmgiilklind sliipu lukcn fnim u i s h g  iupugnphic informulion ond Constmciiun Drawings, 
3. Pcnk flow MKS culuhM by HNruCAD fur each w h .  Scc vuechmem C-I, 
4. Cnkuhkd us IIIC dilfei-r,m bclwr.cn minimum chmncl dcpih ~d peak h w  depth. 
5.  CuIcuhtcd lluw nucs using Munning's cquyion. 
6. Muximuni pcniihiblc vclwily fur g w  Lined d ~ m b  is 5 fps. 

7. Cillculvled iu LIE dflcrcmc bclwccn minimuni nv&bk fluw depih d pcnk flow depth. 
MMiinum pmhibk velwily fur ripmp lid c h k  is 12 fps. 

0 
8 
0 
P 
Cn 
P 

I 



ZUUU YEAR STORM DESIGN SCENARIO. MODERATE VEGETATION 
SUMMARY OF CHANNEL ANALYSIS RESULTS 

Channel 
NitnX"' 

subcutehnml B 
reach I 
rcuch 2 
r d C h  3 
rcuch 4 

nnch 5 
r c r h  6 

r c r h  7 
reach X 
rcach Y 

Design 
Sl"1"S SCCnUri', 

eaisiing 2000 DS 
existing 2000DS 
eaisiiy 2 W D S  

M W  2000 DS 
I V W  2000 DS 
I V W  2000 DS 
I V W  zoo0 DS 
IWW 2wO DS 
M W  2000 DS 
M W  ZOCO DS 

VCe 

vee 

vcc 

vcc 

VCC 

vce 

vee 
YCC 

vcc 

yee 

Chnnnel Chnr 
Mininium Lungitudind 
Chinmi ~ ~ t r p c l '  

II.Y0 0.35% 
I0.YO 0.35%. 

0.45% 
0.45% 
0.50% 
050% 
0.501 

3.60 1.25% 
I .MI%. 

3.50 I .MI% 

acrisliu Hydrulugk Cdcwhlions 
Muning Bouum Sidc Sidc HylrUCAD HydruCAD 

(1' n Widlh S g  Slope Ncdc 
B(h)  ( C W  M,:I M,:l 

0.030 0 6 4 I 51.86 
0.030 0 6 4 2 I0S.Y7 
0.030 0 6 5 3 161.8Y 

4 223.04 0.030 0 6 3 
0.030 0 6 4 5 266.17 
0.030 0 6 3 6 307.30 
0.030 * 0 6 3 2R 336.36 
0.030 0 4 3 8 43.54 
0.030 0 58 3 Y I IR.YX 
0.030 0 60 3 I R  IY1.30 

Dsph" 
y (R) 

I . Y I  
250 
2.70 
3.29 
3.32 
3.64 
3.76 
I .62 
1.08 
1.29 - 

C a k u l V i O I U  

Q"' Frrcbuard"' 
(cis) 

35  222.11 
267.74 
306.66 

334.36 
43.15 2.0 
116.93 2.4 
IBY.YY 2.2 



2M)U YEAR STORM DESIGN SCENARIO - HEAVY VEGETATION 
SUMMARY OF CHANNEL ANALYSIS RESULTS 

C W  
Frecbonrd (') 

10.0 
7.0 
3.6 
I .9 
2.5 
0.7 
0.5 
1.1 

1.9 
~ 1.6 

(n) 

pcal;nuw Lining 
Vcltrity Typc'" 
(in) 

1.4 riprap 
2.83 

1.6 riprap 
1.8 riprap 
1.Y riprap 
1.9 riprnp 
2.0 riprap 
1.9 grus.9 

I3 grnis 
1.4 g m s  

n 

- 
0.100 
0.IW 
0.100 
0.IW 
0.1W 
0.100 
0.100 E 
0.100 

Nunc"' 

subcuclutcni B 
rcnch I 
r e x h  2 
r e x h  3 
reach 4 

much 5 
rcnch 6 

much 7 
rcwh I 
rcnch Y 

- 
Butborn 
WFth 
B (fi) 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

- 

- 

SUIUS Sccnnrin Shapc C h a d  SIupc'O 
Depth (It) (46) 

cxisilng 2 W  DS VCC 1I.W 0.35% 
existing 2000 DS vcc I0.YU U.JS% 
exkiing 2000DS vce 7.73 0.45% 

I U W  2 W  DS vec 6.76 0.45% 
llCW 2000 DS VCC 7.25 0.50% 
llCW 2wo DS VCC 5.RX 0.50% 
I U W  2W0 DS vcc 5.76 0.50% 
new 2wo DS vcc 3.M) 1.2Sk 
new 2000 DS VCC 3.51 1.0046 
IUW 2 w  DS w e  3.50 I .Wk 

- 
s i c  
SlOpc 
MIA 

6 
6 
6 
6 
6 
6 

-6 
4 
58 
60 

- 

- 

- 
s i c  
SIOF 
M2:l 

4 
4 

5 
3 
4 

3 
3 
3 
3 
3 

- 

- 

-N[ 1 . Q") 

52.6Y 
103.31 
148.Y7 
191.49 
213.67 

6 232.12 
2R 24252 
I 41.87 
Y 107.40 
I R  163.07 

(cis) 

- 
Hydrau 

Nuca: 
1. Chunncb urc m d  nflcr ihe cumpnnli subwtchntcnt in reach. 
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Analysis Cross-Section for Channel Segment Along Cell 5 (corresponds with Reach 4) 
Coordinates for West End of Section: N 481 450 E 1351461 ' 

Maximum Peak Flow Rate for Cell: Q = 213.7 cfs 
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Analysis Cross-Section for Channel Segment Clong Cell 6 (corresponds with Reach 5) 
Coordinates for West End of Section: N 480941 E 1351453 
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SEDIMENTATION EVALUATION OF PERMANENT DRAINAGE CHANNELS 
FOR HIGH-FREQUENCY STORM EVENTS 

PURPOSE 

The purpose of this package is to present an evaluation of the capacity of permanent 
channels associated with the Fernald On-Site Disposal Facility (OSDF) to resist accumulation 
of eroded sediments during high-frequency storm events (i.e., a low flow scenario). The 
2-year 24-hour design storm event is considered for this evaluation. The hydrologic analysis 
results necessary to establish flows for the 2-year 24-hour design storm event were obtained 
from the calculation package titled “Phase V Surface-Water Management System Design and 
Post-Closure Hydrology”. 

APPROACH 

B 

The approach adopted in this package is to calculate a “maximum particle-size” 
corresponding to flow characteristics (i.e., velocity or tractive stress) in each drainage channel 
that will not be stable in the bed of the drainage channel. This implies that all sediment 
particle sizes smaller than the calculated maximum particle-size will be subject to movement 
(hereinafter referred to as “incipient motion”) in  the direction of flow for the conditions 
analyzed. The calculated maximum particle-size is compared to a site-specific envelope of 
laboratory particle-size distribution, which represents the range of particle sizes comprising 
surficial soils along permanent channel alignments and within the OSDF borrow area. For 
the purpose of this evaluation, permanent drainage channels are considered to be drainage 
channels within and south of the OSDF area expected to be in place at the end of Phase V 
construction. 

METHODOLOGY 

Three methods are used to evaluate the maximum particle-size expected to be subject 
to incipient motion under flow conditions considered for each drainage channel. Two 
methods correlate the flow velocity in the channel to a maximum particle-size (that is subject 
to incipient motion), and one method correlates the tractive stress in the channel to a 
maximum particle-size. 

Method 1: Shield’s Method [Vanoni, 19771. The Shield’s method provides a 
correlation between the shear stress in the channel and a maximum particle diameter 
subject to incipient motion. The Shield’s Diagram used with this method is provided 
in Figure 1. As shown in Figure 1, the shear stress is expressed in terms of a 
dimensionless shear stress; and the particle diameter is expressed in terms of the 
Reynolds Number for flow at the boundary of the particle. For computational 
purposes, Shield’s Diagram may be represented using the equation [USACE, 19951 

GQ 1342- 17.UPhaseVSedinientationCalcAnal.do,c.DOC 
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provided in Figure 2. Figure 2 also provides a graph for this equation relating particle 
diameter directly to the dimensionless shear (also called the Shield’s Parameter). For 
calculations performed herein, the equation provided in Figure 2 is solved to obtain a 
maximum particle diameter, which will be subject to incipient motion due to the 
calculated tractive stress in the drainage channel. 

D 

Method 2: Hjulstrom’s Curve [Hjulstrom, 19351. This method relates the mean 
velocity in the channel and the particle diameter to one of three phases: erosion; 
sedimentation; and transportation. Figure 3 provides the Hjulstrom’s Curve. A 
straight line boundary is provided between transportation and sedimentation phases. 
For calculations performed herein, an equation for this straight line is used to obtain a 
maximum particle diameter which will be subject to transportation (considered for the 
purposes of this calculation to correspond tc ixipient motioc) duz tzl the cdlciilated 
velocity in the drainage channel. 

Method 3: Mavis & Laushey Relationship [Vanoni, 19771. Similar to Method 2 
described above, this method provides a straight line boundary between transportation 
and sedimentation phases by relating the mean velocity in the channel and the particle 
diameter. Figure 4 provides this relationship. Similarly to Method 2, an equation for 
this straight’ line is used to obtain a maximum particle diameter which will be subject 
to incipient motion due to the calculated velocity in the drainage channel. 

CALCULATIONS 

Critical Particle Diameter. Table 1 presents spreadsheet calculations for critical (i.e., 
maximum) particle diameter based on the Methods 1 ,  2, and 3 described above. 

0 Particle-Size Distribution Curve. An .envelope of particle-size distribution for 
surficial soil samples collected and tested as part of the 1996 Test Pad Program is 
presented in Figure 5. This envelope presents the range of particles that are expected 
to be present along permanent drainage channels. The envelope was developed from 
particle-size distribution curves presented in the report “On-Site Disposal Facility Test 
Pad Program Final Report” [GeoSyntec, 19973. These particle-size distribution curves 
are presented as Figure 6 .  Test samples are identified in the report as upper horizon 
brown till which comprises the surficial soil layer for the OSDF and borrow areas. A 
statistical comparison of particle-size diameters from the testing of 42 upper horizon 
brown till samples (obtained from locations distributed across the OSDF and borrow 
areas) and the Figure 5 envelope shows a consistency between the two sets of data. 

GQ1342- 17.2/PhaseVSedirnentationCalcFinal.doc.DOC 
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RESULTS AND CONCLUSIONS ~ 

Calculation results presented on Table 1 show maximum particle sizes from the three 
methods to range from 3.9 mm to greater than 30mm. The minimum of the calculated 
maximum particle sizes for each method ranges from 3.9 mm to 5.9 mm. This range is shown 
plotted against the site-specific envelope of laboratory particle-size distribution on Figure 5. 
The minimum of this range (Le., 3.9 m) corresponds to 92% finer by weight on the 
minimum curve (See Figure 5).  Based on this comparison, approximately 90% of the soil 
particles that form the bed of permanent drainage channels are expected to be resistant to 
significant sedimentation from the high-frequency storm event considered. 

Based on the results presented above, permanent drainage channels are expected to 
exhibit a low potential for sedimentation after closure of the OSDF. 
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FIGURE 3 

HJULSTROM’S CURVE 
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MAVIS & LAUSHEY RELATIONSHIP 
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FIGURE 5 

SITE-SPECIFIC ENVELOPE OF PARTICLE-SIZE DISTRIBUTION 
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CALCULATIONS FOR SEDIMENTATION IN DRANAGE CHANNELS 
FERNALD OSDF, PHASE V DESIGN 

Input Parameters for Shield’s Method 
Water Temperature = r r  F 

Unit Welght of Fluid = 62.4 psf 

Kinematic Viscosity of Fluid = 1.08E-05 W s  
Particle Specific Weight = PSf i 

KIULSTROMS MAVIS& 
METHOD LAUSRWEY 

CALCULATED HYDRAULIC PROPERTIES SHIELD’S MEmOD CHANNEL PROPERTIES 

Dimensionless Dimensionless Critical Particle Critical P h c l e  
Average Shield‘s 
Tractive Critical Particle Diameter Computational Shield’s Parameter Shear suess Diameter Diameter 

Average Flow Rate Bonom Left Side Right Side Manning’s Channel Depth of Area of Wetted Hydrauljc Peak 2-yr 

Discharge 

Channel 
ID 

I I d  I d  

Parameter 

Status 24-hr slope Velocity (Check) 

suess 
Slope Location 
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